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HistoricAL INTRODUCTION 


The spectral and dignified appearance of the praying mantis has 
stimulated the imaginations of peasant peoples for several centuries. 
Owing to the curious praying attitude in which the front pair of legs are 
held when in repose, the mantis has been associated with a number of 
semi-religious superstitions, the popular name in France being “ prie 
dieu ” or “ prega dieu,” in Germany “ Gottesanbeterin,” while the name 
mantis is derived from the Greek word for prophet or seer. 

Disregarding its supposed occult powers, the mantis has some very 
remarkable habits, and during the last fifty years a number of observa- 
tions on its life history have been published. Howard (1886) records 
the cannibalistic habits of Stagmomantis carolina, a species indigenous 
to North America. When a male was placed in the same cage with a 
female he appeared to be frightened and attempted to escape. The 
female seized him and commenced to eat the head and thorax. During 
this process the male showed great sexual excitement, and even minus 
a head, managed to clamber onto the back of the female and successfully 
copulate with her. The remains of the male consisting of the thorax 
and abdomen remained attached to the female for several hours, when 
it still showed signs of life. Ultimately the male relaxed his grasp on 
the female, who finished her meal, leaving only the wings and harder 
pieces of chitin. Riley and Howard (1892) made essentially similar 
observations on the same species. Fabre (1897) also observed this 
sexual cannibalism and states that the male may continue to copulate 
while he is being devoured. In a case mentioned by him one female 
ate seven males. The observations of Fabre were made upon Mantis 


religiosa, the common European species which has become established 
in this country, and which is the subject of this paper. Przibram 
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(1907) describes the life history and habits of Mantis religiosa, and 
discusses the wide variations of coloration in both sexes. Rau and Rau 
(1913) describe the life history and behavior of Stagmomantts carolina, 
and state that both sexes may mate a large number of times, and that 
the male may be devoured before he is able to clasp the female, or during 
or after copulation. Chopard (1914) records the case of a decapitated 
female M. religiosa which deposited a perfectly normal egg mass and 
lived for a considerable time. Rabaud (1916) confirms the earlier 
observation of sexual cannibalism, and maintains that the sexual be- 
havior of a decapitated male is exactly similar to that of a normal 
insect. He also suggests that the cerebral ganglion exerts an inhibitory 
influence upon the copulatory reflex. Didlake (1926) describes methods 
for rearing several species of mantis in captivity. Richards (1927) 
refers to cannibalism among the Mantidz as described by other writers. 
Aoki and Takeishi (1927) state that the copulatory act in the male is 
initiated by destruction of the head. Dubois (1929) states that an 
artificially decapitated male will copulate with a female, while the latest 
contribution to the literature is a paper by Binet (1931), who gives an 
admirable summary of the knowledge of Mantis religiosa and adds a 
number of observations of his own. 

A study of the life history and habits of the praying mantis, as 
described by the writers mentioned above, suggests several interesting 
questions. All accounts agree as to the ferocity of the female, and her 
tendency to capture and devour the male at any time, whether it be 
during the courtship or after copulation. Fabre mentions a case where 
a number of males were eaten by one female which still remained un- 
fertilized. Such a state of affairs seems hardly to be to the advantage 
of the species, especially if the slaughter of the male occurs before 
copulation is achieved, since the sex ratio is about one to one. If the 
male is eaten during or after copulation he serves the rather doubtful 
double rdle of fertilizing the female and providing nourishment for the 
developing eggs, though if he survives he is able to fertilize a number 

.of females (Rau and Rau). However, the writer was unable to dis- 

cover any account of the behavior of the male during his approach to 
the female, and it was felt that an examination of this and of the 
conditions under which successful copulation occurs might furnish an 
explanation of this curious sexual cannibalism. It must be noted also 
that several writers record successful copulation after the head and part 
of the prothorax of the male have been devoured. The reflex mechan- 
ism of this curious adaptation has also been investigated during the 
present study. 





SEX BEHAVIOR OF THE PRAYING MANTIS 


THE PRELIMINARY COURTSHIP 


The insects used in these observations were all reared from the egg 
in captivity, and while the writer has had no opportunity to observe 
these insects in the wild state, it is felt that the evidence presented will 
show that artificial conditions and even the mere presence of an observer 
contribute to the mortality of the males. 

Four successive generations have been raised, and the insects re- 
sponded readily to captivity at all stages. The only real difficulty ex- 
perienced was in obtaining a sufficient supply of living insects as food. 
Practically any insects are eaten provided they are not too large, and 
they are captured in a very curious manner. The first pair of legs are 
highly modified as raptorial organs. The femur and tibia are both 
armed with a double row of strong spines along their posterior borders, 
and can be flexed on each other so that any object is firmly grasped 
between these spines. Unless very hungry the mantis remains motion- 
less until an insect moves within reach of the long antennz. The prey 
is lightly touched with these, and the raptorial forelegs are extended 
with lightning rapidity. The femur is flexed on the tibia and the insect 
firmly held between the spines, while it is torn apart by the powerful 
mandibles and eaten. (See Fig. 6.) If living insects are scarce or 
the mantids are crowded they will readily attack and eat one another. 
Morgue (1909) has even recorded the capture of a small lizard by a 
large female mantis. 

No attempt will be made to give a detailed description of the ana- 
tomical differences between the sexes. Reference should be made to 
Berlese, the Cambridge Natural History, Volume 5, or to any good 
textbook of entomology. The female averages from 7 to 9 cm. from 
the head to the tip of the abdomen; the male is somewhat smaller (see 
Fig. 3). The eyes and antennz of the male are larger and there is 
every indication that his visual acuity is greater than that of the female, 
though both sexes have excellent vision—a condition usually found in 
rapacious insects. It is of importance to note here that though both 
sexes will react to the movements of an object no larger than themselves 
at a distance of a meter or more, they are totally unaware of the presence 
of any object, however near, provided it does not move. It is curious 
to observe a mantis stalking a small fly which is making slight move- 
ments two feet away, while a motionless fly within reach of the rap- 


torial legs may pass completely unnoticed. If the visual attention of a 
mantis is attracted by a moving fly which then becomes motionless, the 
mantis is likewise unable to stalk or grasp the fly unless it makes 
further movements. In addition to better sensory equipment, the male 
is slightly more active than the female, and his movements are more 
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rapid and jerky. The female is physically much more powerful than 
the male, and overcomes him with ease in a struggle. With regard to 
the genitalia, the ovipositor is rather short and of typical orthopteran 
type, and is partially enclosed by the upturned edges of the last sternum. 
(See Fig. 7.) The curious claspers of the male are highly asymmetrical 
and the broad ninth sternum is twisted to the left about the long axis 
of the body. (See Fig. 8.) During copulation the tip of the male 
abdomen is bent round in a pothook-like curve to the left so that the 
genitalia are directed forward, and also twisted through an angle of 
90° so that the last male sternum is to the left side of the female (see 
Fig. 4.) 

For a period of from one to two weeks after the final moult the 
sexes betray little interest in each other. If they are placed together 
during this period the female may seize and eat the male as she would 
any other insect, while the male will show signs of fright at her ap- 
proach, and frequently makes a rapid retreat. A motionless male is 
sometimes observed, following every movement of the female with his 
eyes, but at first no attempt is made to approach her. Towards the 
end of two weeks the visual attention of the male becomes more and 
more concentrated on the female. It is out of these periods of con- 
centrated watching on the part of the male that the final courtship 
develops. 

If a male and female mantis which are ready for copulation are 
placed together in a large well lighted cage, at first they will probably 
be unaware of each other’s presence, and will move about, clean them- 
selves, or catch other insects. Eventually the movements of one will 
be detected by the other. If the female catches sight of the male first, 
he will be simply watched or will be approached, grasped with the 
raptorial legs, and eaten. It normally happens if the cage is large and 
the pair undisturbed that the male, owing to his better vision, will see 
the female first. He immediately turns his mobile head in her direction 
so that she is directly in the line of vision of both his eyes, and then 
becomes completely motionless or “ freezes.” The only detectable 
movement is the reduced vibration of the long antennz, and this pose 
may be maintained for several hours. (See Fig. 1.) So extreme is 
this immobility that if a male is in the act of raising a leg when first 
the female is detected, it will be kept poised in the air for some time, 
and many curious positions may be observed. 

It can be demonstrated that this curious freezing reaction is initiated 
in the male purely by the visual image of the female, and not through 
any other sense. A male will freeze when separated from the female 
by a glass plate. If the female, though near, passes out of sight, the 
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male soon resumes his normal activities. A blinded male is completely 
unaware of the proximity of the female, and soon betrays himself by 
his movements and is caught and eaten. The male may freeze when 
several feet away from the female, and gentle prodding or teasing 
which under other circumstances elicits a reaction, will not make the 
male move or take his eyes off the female. This freezing of the male 
may possibly be a form of death feigning which is also observed 
occasionally in the praying mantis. 

If the female also remains motionless for a long time the male may 
lose sight of her, owing to the inability of mantids to detect stationary 
objects, but under normal circumstances she makes a number of slight 
movements,—cleans the tarsi and antennz, catches flies, etc. This 
apparently stimulates the male to commence a series of very slow almost 
imperceptible steps in her direction. The progress of the male is best 
described as slow creeping or stalking, and is quite unlike the normal 
locomotion. The female is usually approached from behind, but fre- 
quently she will detect the slight movements of the male. She reacts 
by a quick half turn so that both eyes are directed towards him, and 
then remains motionless. (See Fig. 2.) The male reacts to this sud- 
den movement on the part of the female by promptly freezing, and she 
soon either loses him, owing to his immobility, or her attention is at- 
tracted by the movements of some other insect. It should be noted 
here that if the male is forced to make further movements while the 
female is watching him, he may be attacked and eaten. 

When the attention of the female is distracted elsewhere the male 
continues his slow advance, which may be further disturbed by its 
detection on the part of the female. This hesitant stalking may con- 
tinue for many hours, and may be ended by the disappearance of the 
female from the male’s line of vision. Typically it ends in the follow- 
ing fashion. The male gets so near to the female that he can touch 
the tips of her wings with his long antennze. These are now vibrated 
more rapidly, and after a further hesitation the male half opens his 
wings, makes a small jump, and lands on the back of the female. The 
male clasps her with the raptorial legs, the tibie fitting into small 
grooves on the antero-ventral aspect of the mesothorax, just in front 
of the bases of the wings. The tarsi of the second and third pairs of 
legs are placed on the edges of the female’s wings and serve further 
to steady and support the male. The reaction of the female is com- 
pletely negative once this stage has been reached successfully, and she 
shows no sign that she recognizes the presence of the male. Likewise 
she makes no attack on him except under certain circumstances to be 
described later. 
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This first phase of the sexual behavior, commencing with visual 
recognition by the male and ending with the physical contact of the pair 
will be termed the preliminary courtship. A typical case has just been 
described, but certain minor variations have been observed. Firstly, the 
male, though intently watching the female, may make no attempt to 
approach her. This was seen frequently in immature males (during 
the first ten days after the final moult). Secondly, the male may re- 
main motionless but the female may chance to move into his proximity 
so that he can reach her back without stalking her. He then jumps 
onto her back as described above. Thirdly, the female may approach 
the male without apparently noticing him, owing to his immobility, thus 
bringing them face to face. Under these circumstances the male is 
unable to reach the back of the female in the normal way, and he 
usually shows great agitation, jumping or flying if possible to some 
distance. Although this last eventuality occurred only once or twice in 
the writer’s experience, the male moved away and did not attempt to 














mount the female. 
The female has been observed to attack and eat the male if she sees 


him first. If she is hungry she will then approach him rapidly and 
grasp and eat him; also, as already mentioned, if the male moves or is 
forced to move while the female is watching him during his approach. 
Another insect moving between them or the shadow of the observer 
will cause the male to lose sight of the immobile female, and possibly 
result in some movement on his part. If the male approaches the female 
from the side, landing on her back at right angles, or instead of clasp- 
ing the mesothorax with his raptorial arms, grips her by the head or 
only by the tips of the wings, the female then immediately wheels and 














grabs him. 
Provided the male is able to reach the back of the female and clasp 


her in the normal fashion as described above, the female was never 
observed to attack him. A discussion of these observations will be 
deferred until later, and the period of copulation which naturally suc- 








ceeds the preliminary courtship will now be described. 






COPULATION 










Once the male has come into physical contact with the body of the 
female, his whole behavior changes, and great activity succeeds the 
slow stealthy movements described above. The abdomen, which is 
dorsal and a little to the right of that of the female, is bent round in 
acute pothook-like curve to the left, so that the claspers are carried 
round the left side of the female’s wings and abdomen, and directed 
The cerci are in active movement, ap- 











forward toward the ovipositor. 
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parently serving to guide the claspers, and the whole abdomen is moved 
about in an attempt to locate the ovipositor. Many unsuccessful 
attempts to insert the claspers are made. In one case a male remained 
on the back of the female for four hours before he was successful in 
copulating. Owing to the vigorous movements of the abdomen the 
male occasionally loses his hold, and partially slips off her back. He 
usually regains his position without mishap, and in spite of the many 
attempts to copulate and considerable movement of the male, the female 
shows no sign of recognition. It should be noted that males were 
never observed to make these copulatory movements—curving of the 
abdomen, movements of cerci and claspers, etc., unless very close to, 
or in physical contact with a female. Finally the female makes her 
only positive sign of sexual recognition by raising the ovipositor, and 
the claspers of the male are then inserted between it and the curved 
sternum. Once actual copulation has been effected, the movements of 
the male are not so considerable, though the abdomen shows intermittent 
peristaltic contractions. (See Figs. 3 and 4.) The female moves 
about in a normal fashion and may capture and eat other insects. 
Handling does not disturb the couple at this stage and they can be 
removed from the cage and photographed. After a period of four to 
five hours the claspers of the male are withdrawn, leaving a large white 
spermatophore between the curved sternum and ovipositor. He then 
releases his hold on the female and drops from her back to the floor 
of the cage (the couple usually hang upside down from a branch— 
see Fig. 5). Directly they separate the female may show considerable 
interest in the male, following his movements with her eyes. Since the 
male usually drops some distance from her back, he is not in a position 
to be attacked. 

The male is only occasionally attacked after he has clasped the 
female, and then only if his position is abnormal. Once the pair are 
actually in copula the male is never attacked, while if the male remains 
near the femalé after they separate, it might be inferred from her 
reactions that he is once more in danger. No actual attack was ob- 
served at this stage, however. 


EXPERIMENTS ON THE SEXUAL REFLEXES 


A number of the writers mentioned above have recorded the fact 
that a decapitated male is still able to copulate with the female, and that 
the whole process appears to follow a normal course. Oviposition of a 
decapitated female has also been recorded. Rabaud suggests that in 


Mantis religiosa the cerebral ganglion may have an inhibitory effect on 
the copulatory reflexes, while M’Cracken (1907), working with silk- 
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worm moths, states that there is no augmentation of sexual reflexes 
after removal of the head. The following experiments were performed 
in order to determine the true relations between the cerebral and sub- 
esophageal centers and the sexual reflexes in Mantis religiosa. 

Adult insects of various ages after the final moult were used, and 
various parts of the nervous system were removed. The mantis was 
rendered immobile by wrapping in several turns of cheese cloth, which 
effectively entangled the legs and obviated the use of an anesthetic. 
In order to remove the cerebral ganglion, a small horizontal incision 
was made in the chitinous head capsule at the bases of the antennz. 
A small sharp knife was then introduced and the cerebral ganglia were 
separated from the subesophageal ganglion by a horizontal cut. In 
some cases the cerebral ganglia were then removed, but owing to the 
fact that a larger incision had to be made, bleeding was considerable. 
Cutting of the commissures and destruction of the brain im situ had 
essentially the same effect as removing the cerebral ganglia, and since it 
necessitated only a very small incision and resulted in no appreciable 
hemorrhage, the insects were stronger and more normal in other 
respects after the operation. Since it was impossible at the time of the 
operation to ascertain the exact extent of the lesions produced, the 
heads of the insects were removed at the end of the observation period, 
hardened in 10 per cent formalin and carefully dissected under a binocu- 
lar microscope. The removal of the subesophageal ganglion was 
simpler, and the insect was either simply decapitated or the commissures 
between the subesophageal and first thoracic ganglia cut in the neck 
region. The nerve cord was severed at various levels by a similar 
method, and in all cases the injuries produced were checked by careful 
dissection. It was found possible to keep decapitated mantids alive and 
in good condition for three or four days, while, if the subesophageal 
ganglion was intact and the mouth parts functional, the insects were able 
to feed and lived indefinitely. 


Explanation of Plate | 

Fic. 1. The male mantis (below), intently watching the female. She has not 
noticed him and is engaged in cleaning the tarsi. 

Fic. 2. Taken a few minutes after Fig. 1. The male has moved a little nearer 
the female. She has detected his movements, and has half turned to face him. 

Fic. 3. The same pair in copula. Note how the female is clasped round the 
prothorax, and the abdomen of the male bent round to the left and rotated through 
90°. 
Fic. 4. The same pair seen from below. 
Fic. 5. The same pair at the end of copulation. The male has released his 
hold and removed the claspers, and is about to jump from the back of the female. 

Fic. 6. A female mantis eating another female. The prey has been consumed 
with the exception of part of the abdomen and one leg. Unfortunately, no good 
photographs of an attack on a male were obtained. 
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Removal of the Cerebral Ganglion 


This was done in eight males and seven females at various times 
after the final moult. This operation always results in greatly in- 
creased locomotor activity, which will be dealt with in a subsequent 
paper. But in neither sex at any age has sexual activity been ob- 
served. The males show no recognition of the presence of the female, 
and, owing to their unusual activity, they are invariably attacked. This 
complete lack of awareness of the proximity of the female is also seen 
in blinded males, and is undoubtedly due to the lack of the visual and 
cerebral ganglia. Even if a decerebrate male is placed on the back of 
a female, he does not grasp her nor show copulatory movements, and 
owing to the tendency towards continuous locomotor activity soon moves 
away. The copulatory movements described in normal males were 
never seen at any time. The female likewise shows no sexual activity. 


Removal of the Subesophageal Ganglion 


Eighteen males and eighteen females were either decapitated or the 
ventral nerve cord cut as described above. 

Before the reactions of decapitated males are described, it must be 
repeated that normal males never exhibit copulatory movements except 
in the close proximity of a female, and then only if they have reached 
full maturity (ten days after the final moult). After removal of the 
subesophageal ganglion there is a preliminary stage of shock, during 
which a variety of movements are observed. This period of shock is 
essentially similar in both sexes. It is of short duration, averaging 
about 10 minutes, and the nature of the spontaneous movements ob- 
served varies much in different individuals. Finally the insect becomes 
more or less motionless in a normal standing position, though the legs 
are more spread and the body nearer the ground owing to a general 
drop in muscle tone. In the case of the male, slight movements of the 
claspers, cerci, and abdomen then commence, and gradually increase in 
intensity until the abdomen is continually bent round in the typical 
pothook-shaped curve, and the cerci and claspers moved in a manner 
identical with the normal copulatory movements. These typical copula- 
tory movements are continuous, and are accompanied by very curious 
locomotor activity which at first could not be accounted for. The male 
begins to rotate slowly in an arc. The first pair of legs are not moved 
and the tarsi of these serve as an axis about which the body rotates, the 
tip of the abdomen moving on the circumference of the arc (see Figs. 9 
and 10). This rotation is effected by lateral extensions of the third 
and to a lesser extent the second leg on one side of the body. The 
tarsi of these legs grip at the full extension, and as they are flexed the 
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body is drawn sideways. The second and third leg on the other side 
of the body assist this lateral movement by pushing the body on the 
extension, being then lifted and flexed passively. Since the third pair 
of legs are most effective and the first pair are not moved but serve as 
an anchor, the insect rotates in an arc as described above. This lateral 
locomotion is accompanied by the copulatory movements of the abdomen, 
and both continue without a halt for from two to twenty-four hours, 
being observed for a longer period in older males. It should be noted 
that both copulatory and lateral locomotor movements were observed 
in freshly moulted males, which normally exhibit no sexual reactions. 
Faint copulatory movements of the abdomen were seen even in a male 
before the final moult. This insect was accidentally eaten by another 
mantis and showed definite though slight bending of the abdomen to the 
left. (See Fig. 11.) 

Out of eighteen cases, sixteen males showed continuous copulatory 
movements. Two males showing no copulatory movements died soon 
after the operation and were probably in bad condition when operated 
on. Fifteen males showed spontaneous locomotor movements. In four 
of these the movement was sideways, in five the movement resulted in 
an anticlockwise rotation as described above, in five there was a clock- 
wise rotation, while one insect moved backwards. In the sixteen cases 
the locomotor and copulatory movements commenced simultaneously 
from five to twenty-five minutes after operation. In the ten cases show- 
ing rotation, a complete rotation occupied from two to fifteen minutes. 
Although in every case the abdomen was bent in a curve to the left, 
it will be seen that there was considerable variation in the locomotor 
movements. The difference between the sideways and rotary move- 
ments is slight, for they are both produced by lateral extensions and 
flexions of the second and third pairs of legs. The movement is ac- 
complished by four legs since the first pair are motionless, and if the 
movements of the second pair are equal in magnitude to those of the 
third pair and the tarsi of the first pair do not catch in some object, a 
lateral crab-like movement in a straight line results. If an insect moves 
to the right it will always move in that direction, and vice versa. It is 
not clear, however, why some insects move anticlockwise (to the left) 
and others clockwise (to the right), while in all cases the abdomen is 
bent in the same direction—to the left. 

These sideways movements are seen only while the males are on a 
plane surface such as a table top. If they encounter any rounded 
object such as a pencil or the observer’s finger, it is immediately grasped 
by the forelegs, while the other legs steady the body. Violent attempts 
are made to copulate with the object, and all attempts at locomotion 
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cease. If a rotating male is carefully placed on the back of a female, 
she is immediately clasped in a similar fashion, and attempts are made 
to insert the claspers between the ovipositor and sternum (see Fig. 12). 
The female makes no attempt to dislodge or attack the decapitated male, 
his advances are almost immediately accepted, and a normal copulation 
ensues resulting in the formation of a spermatophore. 

Removal of the subesophageal ganglion in the female results in less 
astonishing but comparable reactions. Eighteen females were treated 
in this fashion. Locomotor movements which are so apparent in simi- 
larly treated males are never observed in females, which if undisturbed 
remain absolutely stationary until death. The abdomen, however, shows 
signs of muscular activity. The tip is pressed down against the sub- 
stratum, the cerci moved, and the ovipositor makes slight up and down 
movements similar to those seen during the construction of the odtheca 
by a normal female. These movements of the abdomen and ovipositor 
are slight, but distinctly seen in females of all ages, and never occur in 
unoperated females, except for a few minutes prior to oviposition. 
Unfortunately none of the females experimented with contained fully 
ripe eggs, consequently no actual oviposition occurred. It is therefore 
not possible to say whether normal odtheca formation can occur in the 
absence of the subesophageal ganglion. This has, however, been re- 
corded by Chopard. 

A decapitated female will readily accept a male, decapitated or other- 
wise, and actual copula results sooner than when both insects are intact. 
The pair remain together for about four hours, and a normal sperma- 
tophore is deposited (see Fig. 13). 


Explanation of Plate II 


Fic. 7. The abdomen of a preserved female. It is much broader and shorter 
than that of the male. 

Fic. 8. The abdomen of a preserved male (the wings have been clipped). 
The abdomen is held in this position in normal males except when clasping a fe- 
male. The asymmetrical claspers can also be seen. 

Fic. 9. A decapitated male. The bending and rotation of the last few ab- 
dominal segments can be seen. This insect was rotating about the first pair of 
legs in an anticlockwise direction (to the left). 

Fre. 10. A decapitated male, showing behavior similar to the last. The 
wings were clipped to show the curve in the abdomen. 

Fig. 11. A very immature male. The head and prothorax were removed be- 
fore the final moult (note the immature wing pads). The abdomen shows slight 
bending characteristic of the copulatory movements. 

Fic. 12. A decapitated male clasping a normal female. The abdomen is 
strongly bent in an 2ettempt to insert the claspers. This attempt was subsequently 
successful. ; 

Fic. 13. A decapitated male in copula with a decapitated female (compare 
with Fig. 4). Both insects were decapitated before they were placed together. 
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Separation of the Thoracic and Abdominal Ganglia 


After decapitation a male mantis shows (1) continuous lateral move- 
ments, (2) continuous copulatory movements. If the abdomen and 
thorax are now separated, copulatory movements of the same magnitude 
always occur in the isolated abdomen. If the nerve cord in the abdomen 
is now cut at various levels, the movements of the cerci and claspers 
continue while the last abdominal ganglion is intact. The muscular 
movements which result in the twisting of the abdomen are reduced or 
absent if the muscles concerned are separated from the last abdominal 
ganglion. These results have been obtained in every case. The effects 
of separation of the thorax and abdomen on the lateral locomotor move- 
ments are not so clear cut. Owing to the disturbance in weight dis- 
tribution on the loss of the abdomen, the insects are usually unable to 
remain on their feet. If, in order to counteract this, the nerve cord 
only is separated, leaving the abdomen and thorax attached, spontaneous 
attempts to walk occur in about half the insects. The locomotor move- 
ments may produce a lateral or sometimes a backward progression, or 
there may simply be random movements of the legs. It is interesting to 
note that where locomotion occurs in a nervously isolated thorax, it does 
not continue for very long after the operation, lasting usually for from 
five minutes to half an hour. 

In the female the typical and continuous ovipositor movements seen 
in decapitated specimens persist in the isolated abdomen and continue 
while the last abdominal ganglion is intact. 


DIscUSSION AND CONCLUSIONS 


From the foregoing account it will be realized that the female mantis 
is extremely voracious, and frequently attacks and eats the male in 
addition to other insects. However, the sexual behavior of the male, 
which tends to increase his chances of successful copulation, can be 
divided into two distinct phases, (1) the preliminary courtship, and (2) 
the copulation. 

Preliminary Courtship 


This phase of the sexual behavior begins the moment the male sees 
the female, and ends when he reaches the mating position on her back. 
It may or may not (in immature males) be followed by copulation, but 


is its normal precursor. The whole behavior of the male during the 


preliminary courtship is dominated by the sense of vision, and he be- 
comes aware of the female and approaches her only when he is able to 
see her. The preliminary courtship in the male is characterized by long 
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periods of complete immobility alternating with very slow movements 
in the direction of the female. Since decerebrate insects of both sexes 
are almost continually in movement but show no sexual reflexes, there 
must be centers in the cerebral ganglion which impose a partial inhibi- 


tion on the locomotor centers in the ventral nerve cord. The immobility 


of the male when aware of the female could on this basis be interpreted 
as being due to stimulation of these inhibitory centers by impulses 
coming from the optic ganglia. 

This immobility and slow stalking offer a very real protection to the 
male as he approaches the female, and greatly increase his chances of 
successful copulation. This is shown by the fact that the male is 
frequently attacked and eaten if (1) the female sees him first, (2) if 
her attention is attracted by artificially induced movements on his part, 
or (3) if his line of vision is temporarily interrupted during his ap- 
proach. The large number of cases of sexual cannibalism which have 
been reported in this species may be due to one of these eventualities 
arising either from the confined quarters of the pair or from disturbing 
movements on the part of the observer. 

The male therefore wins the female not by display but by the absence 
of display. If he is able to reach her unobserved and make his final 
jump onto her back, he is not molested. He may, however, approach 
the female undetected by her, only to clasp her in some abnormal position 
and be attacked and eaten. Discussed below is a very beautiful reflex 
mechanism which takes care of this eventuality. 

It is debatable whether there is a similar period of preliminary court- 
ship in the sexual behavior of the female. Her actions during the 
approach of the male seem to indicate that he is regarded as any other 
insect, and consequently suitable as food. Her cannibalistic tendencies 
must, however, act in a selective fashion, promoting absence of display 
in the male. 

Copulation 


This phase of sexual behavior commences in both sexes at physical 
contact and ends when they separate. Normally it is preceded by the 
preliminary courtship. Decapitated males will, however, copulate with- 
out any preliminary stalking. The male characteristically clasps the 
female round the mesothorax with his raptorial legs, while his abdomen 
shows active copulatory movements that culminate with the insertion 
of the claspers. 

The nerve center responsible for these copulatory reflexes is situated 
in the last abdominal ganglion. This is demonstrated by their absence 
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after the destruction of this ganglion. In the subesophageal ganglion 
is a center which is antagonistic to the last abdominal center, inhibiting 
copulatory movements except when the male is in contact with a female. 
This is shown by the fact that copulatory movements never occur in 
intact males of any age, except when clasping a female, while in males 
minus the subesophageal ganglion there are continuous copulatory move- 
ments, attempts to clasp and copulate with any object, and immediate 
and successful copulation if they are allowed to clasp a female. The 
question arises as to what is the mechanism which prevents copulatory 
movements in intact males unless they are mature and clasping a female. 
No definite proof has been obtained on this point, but it seems probable 
that the tactile stimulus occasioned by contact with the body of the 
female neutralizes or antagonizes the inhibitory center in the sub- 
esophageal, thereby releasing the copulatory movements dependent on 
the last abdominal ganglion. 

A little more difficult of interpretation are the curious lateral and 
rotary locomotor movements seen in males minus the subesophageal 
ganglion. Evidently they are closely connected with the sexual be- 
havior since they are concurrent with the copulatory movements, and 
cease when a female or any round object is clasped. After the ab- 
domen is separated from the thorax they continue for a short while and 
then cease, indicating that they are not so dependent on the last abdomi- 
nal ganglion as are the copulatory movements. 

Taken together, the continuous copulatory and lateral locomotor 
movements constitute a very beautiful means for securing fertilization 
of the female, should the preliminary courtship be unsuccessful and the 
male captured. When the male is attacked by the female he is usually 
seized by the raptorial arms or the head, and these are devoured first. 
This results in the destruction of the subesophageal ganglion and the 
consequent removal of the center inhibiting the copulatory movements. 
Since the female is grasping the head of the male, the bodies of the two 
insects are connected at the front end but are free posteriorly. Lateral 


or rotary movement on the part of the male tends to swing him round 


until the axis of his body is parallel to and beside that of the female. 
If the female is not clasping him too far back a continuation of this 
movement brings him onto the back of the female, and the continuous 
copulatory movements result in the insertion of the claspers. Thus it 
has been possible to analyze the sexual reactions of a decapitated male 
mantis, first described by Howard in 1886. 

In the female also, the reflex movements associated with sex origi- 
nate in the last abdominal ganglion, since isolated abdomens show 





SEX BEHAVIOR OF THE PRAYING MANTIS 219 


continuous ovipositor movements. Under normal circumstances these 
Ovipositor movements are inhibited by a center in the subesophageal 
ganglion as shown by their appearance in unripe females after decapita- 
tion. The stimulus which eliminates the inhibitory effect in an intact 
female at the time of oviposition was not investigated, but is probably 
internal and associated with the presence in the abdomen of ripe eggs. 


SUMMARY 


1. A number of writers have reported the capture and eating of the 
male mantis by the female, both before and during copulation. This 
sexual cannibalism is promoted by captivity or disturbance of the couple 
before copulation, and is counteracted by the preliminary courtship of 
the male. 

2. The male has better vision than the female, and detects and ap- 
proaches her only when she is in sight. His approach is very slow and 
hesitant, and there is complete absence of any display. If he is able to 
reach the back of the female undetected by her, he is not attacked. 

3. If his movements during the approach attract the attention of 


the female, or she is clasped in an abnormal position, he is attacked and 


eaten. Since his head is attacked first, an inhibitory center in the 
subesophageal ganglion is soon destroyed. This center normally inhibits 
(1) lateral locomotor movements, (2) copulatory movements of the 
abdomen, which originate in the last abdominal ganglion. 

4. These movements consequently commence after destruction of 
the head and bring the body of the male into the mating position on the 
back of the female, and copulation is immediately effected. 

5. Ovipository movements in the female are similarly promoted by 
the last abdominal ganglion, and normally inhibited by the subesophageal 
ganglion. 
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METHODS FOR THE DETERMINATION OF NITROGEN AND 
CARBON IN SMALL AMOUNTS OF PLANKTON 


THEODOR v. BRAND 


(From the Laboratory of Zoéphysiology, Copenhagen University) 


The amount of plankton in a sample of sea water is very small 
in comparison with the dissolved organic matter. It is impossible to 
determine, for example, the nitrogen content of the plankton by sub- 
traction of the nitrogen content in a certain amount of sea water after 
filtering off the organisms from that found in an analysis of the same 
water without filtration. It is necessary to concentrate the plankton 
and make direct determinations. The concentration cannot be 
carried out by filtration or simple centrifugation but it is necessary to 
use a combined precipitation and centrifugation method as worked 
out by Steemann-Nielsen and v. Brand (1934), and further adapted to 
our special requirements. 

We give as an example the description of the concentration of the 
plankton from 50 ml. sea water for the purpose of a nitrogen analysis. 
The water is first pipetted off in a suitable centrifuge tube. After 
the addition of 1 ml. of 2 per cent KOH, a precipitation of hydroxides 
results, which encloses and carries down all plankton organisms. The 
precipitate is thoroughly stirred up with a glass rod and centrifuged 
for 10 minutes at about 3,400 revolutions per minute. After decanta- 
tion of the supernatant fluid, the precipitate is dissolved in a suitable 
amount of 3 per cent H2SO, (made up with ammonia-free distilled 
water). The solution is transferred quantitatively to a smaller 
centrifuge tube of about 25 ml. and brought up to about 20 ml. by 
addition of ammonia-free distilled water. To this faintly acid solution 
are now added as many drops of 2 per cent KOH as are required to 
produce a just visible turbidity. The material is again centrifuged 
for about 10 minutes. The fluid above the precipitate is transferred 
to another centrifuge tube and by addition of a suitable amount of 
2 per cent KOH and centrifugation a control precipitate of about the 
same size is obtained. This procedure is necessary, since we have 
found that a precipitate of hydroxides in sea water always contains 
(absorption?) a certain amount of nitrogen and carbon, which cannot 
be neglected. Therefore, we have not only to make a determination 
on the precipitate containing the organisms, but also a blank on the 
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control precipitate. It is advisable to make both precipitates as small 
as possible and as nearly as possible the same size (about 0.1 ml.). To 
each of both tubes are now added 1.9 ml. of ammonia-free distilled 
water. The total amount of fluid is then always very nearly 2 ml. 
The precipitates are thoroughly mixed with the water by means of a 
glass rod, whereupon the substances are ready for the ignition. 

The first steps in the preparation of the material for a carbon 
determination are the same as described above for the nitrogen de- 
termination. After the last centrifugation no water is added, but the 
precipitate is dissolved with several drops of 3 per cent H2SO,. The 
reaction has to be definitely acid (by litmus). The centrifuge tube 
plus the dissolved precipitate are weighed with an accuracy of 1 mg., 
the solution pipetted into another small glass tube, and the centrifuge 
tube weighed again, so that now the weight (gram=ml.) of the dis- 
solved precipitate is known (generally between 0.25 and 0.45 gram). 
The control precipitate is treated in the same way. It is unnecessary 
to weigh it, as the same amounts are always burnt as in the analyses 
containing the organisms. 

The above procedures are valid for analyses of fresh material and 
also for nitrogen determinations on material preserved with formalin 
(5 ml. formaldehyde, 20 per cent to 200 ml. sea water). For carbon 
analyses on preserved material the formaldehyde has to be removed 
with the greatest care. After the first centrifugation and decantation 
of the fluid, we dissolve the precipitate, fill up with about 80 ml. of 
distilled water, precipitate with about 1.5 ml. of 2 per cent KOH and 
centrifuge again. These manipulations have to be repeated a total 
of three times, then the fourth precipitate is ready for the ignition. 
We advise using for the preservation of the plankton the best formalde- 
hyde solution available. We have used with good success formalde- 
hyde Schering. It must be pointed out that the use of formaldehyde 
can in certain cases seriously interfere with the carbon determination. 
It is known that sometimes the practically water-insoluble paraformal- 
dehyde is formed in formaldehyde solutions. It is not necessary to 
insist upon the fact that in such a case a carbon determination would 
be impossible. We have occasionally found in some analyses of pre- 
served diatom cultures very improbable amounts of carbon. As these 
cultures had not been preserved for our special purposes, we cannot 
decide whether the formation of paraformaldehyde or impurities 
contained in the bottles are responsible for this failure. 

As the amounts of nitrogen and carbon in the single analysis are 
very small, it is necessary to avoid as far as possible all contamination 
of the water. All glass objects, such as centrifuge tubes, pipettes, 
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etc., must be cleaned with the greatest care with distilled water before 
use, but it is not advisable to wipe them dry with a cloth. We close 
the centrifuge tube with tinfoil to avoid contamination with dust dur- 
ing the centrifugation. 


Nitrogen-Determination 

The analyses are performed according to Krogh and Keys’ (1934) 
method for the determination of organic nitrogen in sea water. As 
the method has been fully described by Krogh and Keys, it is un- 
necessary to repeat all details here. We record only the principle of 
the method and call attention to some points in which our procedure 
differs from the original method, owing to the different material used. 

The material to be analyzed is introduced by means of a pipette 
into a silver tube and burned (about 500°) with alkali in absence of 
oxygen. For this purpose a stream of NH; and O,-free hydrogen passes 
during the whole heating process through the system. During the 
ignition the organic nitrogen is transformed into ammonia. This 
is taken up in n/100 HBr and determined according to the method of 
Teorell (1932) in the modification of Krogh (1934). 

Krogh and Keys run into the silver tube through the inlet a 
water sample, usually of 5 ml., boil off the water, and heat to a dull 
red heat. As in analyses with sea water some ammonia is included in 
the salts, they run in afterwards 2 ml. of water poor in nitrogen and 
evaporate this also. We burn in the single analysis only 1 ml. of the 
material, so that according to the prescription given above duplicate 
analyses of each sample can always be performed. Because of the 
relatively small sample, it is necessary to wash out the glass parts of 
the inlet. We use for this purpose 1 ml. of water poor in nitrogen. 
On the other hand, our samples contain much less of salts than sea 
water. Therefore it is unnecessary to run into the tube 2 ml. of water 
after the ignition. It is possible for the same reason to perform a 
whole series of about 8-10 analyses without washing the silver tube. 

As shown in Table I, we have made a series of analyses on sub- 
stances with known nitrogen content. The mean error is about 10 
per cent in the range of 1—2y nitrogen. The only substance which 
gave absolutely faulty results was pyridin, probably because of its 
relatively great volatility. It is necessary to observe the following 
points in such analyses: (1) It is advisable to perform duplicate 
analyses. (2) All solutions to be burned (a) solution with the sub- 
stance of unknown nitrogen content; (>) solution with known amount 
of ammonium sulphate must be made up with the same redistilled 
water. In respect to the ammonium sulphate solution, it is sufficient 
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when only the final dilution from the stock solution is made up with 
the water used for the solution of the unknown substance. We use 
water, which contains as little nitrogen as possible. The water is 
prepared by distillation first from an alkaline solution of permanganate 
and again from H,SO, and permanganate. As Krogh and Keys have 
pointed out, this water still contains some nitrogen. Therefore it is 
necessary to determine the nitrogen content of the water used and to 
correct the value obtained in the analyses by subtraction of the nitro- 
gen value of 2 ml. water from that obtained in the sample burned. It 
is, of course, always necessary to determine the nitrogen value of the 
water when water from a new distillation is used in the analyses. 
Beyond that we perform about weekly a new determination of the 
nitrogen content of the water used. (3) It is advisable always to burn 
the same amount of water in both series of analyses (water containing 
the samples + water for washing out the inlet of the silver tube) as 
this is the only way to avoid errors due to the nitrogen content of the 
distilled water used. (4) For this same reason, the nitrogen content 
of the unknown substance should not differ too much from that of the 
ammonium sulphate solution used. 


Examples 
1. Nitrogen analysis of 9.8y aspartic acid = 1.03y nitrogen dis- 
solved in 1 ml. of water. One ml. wash water. 


Titrations of 1 ml. HBr directly: 1.80 
1.82 
1.81 


1.81 ml. naphthy 1 red 
Correction for 2 ml. water: —0.18 


1.63 ml. naphthyl red 
Titrations of 1 ml. burned ammonium sulphate 
solution containing ly nitrogen per 1 ml.; 1 ml. 


wash water: 1.12 
1.03 


1.10 


1.08 ml. naphthyl red 
Directly titrated, corrected: 1.63 
ly ammonium sulphate N: — 1.08 


0.55 ml. naphthyl red correspond- 
ing to ly nitrogen 
Titrations of 1 ml. burned aspartic acid solution; 
1 ml. wash water: 1.10 


1.07 ml. naphthyl red 














DETERMINATION OF N AND C IN PLANKTON 


Directly titrated, corrected: 1.63 
Burned aspartic acid solution: — 1.07 





0.56 ml. naphthyl red for the 
burned aspartic acid 
0.55 ml. naphthyl red = ly N; 0.56 ml. naphthyl red = 1.02 y N. 
Calculated: 1.03 y N. 
Found: 1.02 y N. 


2. Nitrogen determination in a culture of Skeletonema costatum, 
preserved with formaldehyde. Total number of diatoms: 378,000. 
Last precipitate diluted to 3 ml. 


Titrations of 1 ml. HBr directly: 1.65 
1.65 
1.65 ml. naphthy! red 
Correction for 2 ml. water: —0.30 
1.35 ml. naphthyl red 
Titrations of 1 ml. burned ammonium sulphate 
solution containing ly N per ml., 1 ml. wash 


water: 0.69 
0.69 

0.69 ml. naphthyl red 
Directly titrated, corrected: 1.35 
ly ammonium sulphate N: —0.69 


0.66 ml. naphthyl red correspond- 
ing to ly N 
Titrations of 1 ml. burned organism precipitate, 
1 ml. wash water: 0.64 
0.51 





0.58 ml. naphthyl red 
Directly titrated, corrected: 1.35 
Burned organism precipitate: —0.58 
0.77 ml. naphthyl red correspond- 
ing to 1 ml. precipitate 
2.31 ml. naphthyl red correspond- 
to the total precipitate 
Titrations of 1 ml. burned control precipitate, 


1 ml. wash water: 1.18 
1.32 

1.25 ml. naphthyl! red 
Directly titrated, corrected: 1.35 
Burned control precipitate: —1.25 


0.10 ml. naphthy! red correspond- 
ing to 0.1 ml. precipitate 

0.30 ml. naphthy! red correspond- 

ing to the total precipitate 
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10. Syringe pipette adjusted to 0.4—0.5 ml. 



































228 THEODOR vy. BRAND 


Total organism precipitate: 2.31 
Total control precipitate: —0.30 


2.01 ml. naphthyl red correspond- 
to the organisms 


0.66 ml. naphthyl red = ly N; 2.01 ml. naphthyl red = 3.0y N. 
Nitrogen content of 378,000 Skeletonema costatum is 3.0y N. 


With the solutions recommended by Krogh (1934), it is possible to 


determine ammonia amounts from about 0.5 to 2.5y nitrogen content. 
By using about twice as strong solutions, it is possible to determine 
amounts of nitrogen to 5y in the single determination. In determina- 
tions of plankton with an unknown nitrogen amount, a certain draw- 
back of the method is that, as shown by Teorell (1932), there is no 
indication whether the nitrogen amount was too high for the hypo- 
bromite solution used. It will therefore be advisable in an investiga- 
tion of the composition of an unknown plankton to perform first a 
carbon analysis, as the limits for the carbon determination are not so 
narrow. It will then be possible to calculate the suitable amount of 
water for the centrifugation, as probably also in plankton the ap- 
proximate ratio C : N will be from 10:1 to 7:1. 


Carbon-Determination 


The principle of the method is the same as used by Krogh (1930) in 


his method for the determination of dissolved matter in fresh water: 
The material is burned in a quartz tube with copper oxide as contact 
substance and the CO, formed is determined. As we have to deal 
with much smaller quantities than in the original method, we have 
had to work out the modification for this special purpose. 


Apparatus needed (Fig. 1). 


Oxygen cylinder fitted with 

A needle valve, which can be accurately regulated. 

Wash-bottle containing 40 per cent KOH. 

Connecting piece fitted with a cotton plug. 

Quartz tube of about 25 cm. length and 4 mm. diameter. It is 
charged on a length of about 10 cm. with copper oxide and 
fitted at one end of this with an asbestos plug. The ends of the 
quartz tube must be perfectly smooth. 

Connecting piece fitted with two cotton plugs. 

Absorber. 

Burner. ; 

Syringe pipette adjusted to 0.1 ml. 
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11. Barium hydroxide solution, about n/12 to n/15, prepared and 
stored according to Krogh and Keys (1934). 

12. n/3 HCl. 

13. Rehberg burette. 

14. Drying apparatus according to Krogh (1930, page 255, Fig. 3), 
but without the filling arrangement. Instead of this, one end 
of the quartz tube is connected with a rubber tube fitted with a 
capillary tube and a dense asbestos plug which will retain all 
dust particles, while the air is sucked through the tube. 

An analysis is performed as follows (Fig. 1): The liquid to be 
analyzed is introduced into the quartz tube (5) by means of the syringe 





Fic. 1. 1. Oxygen cylinder; 2. Needle valve; 3. Wash-bottle; 4. Connecting piece; 
5. Quartz tube; 6. Connecting piece; 7. Absorber; 8. Burner; a. Cotton plug; b. 
Copper oxide; c. Asbestos plug. 


pipette (9). The quartz tube is then dried in the drying apparatus. 
We begin by heating the water jacket to about 70° C. and thereupon 
suck the air through the apparatus. In 5 minutes the quartz tube is 
dry. It is removed from the drying apparatus and set up by means of 
the connecting pieces (4 and 6). The system is washed out with oxy- 
gen. The oxygen stream is then reduced to about 5 ml./min., the 
baryta solution introduced into the absorber (7) by means of the 
syringe pipette (10). Then the two flames at each end of the burner 
(8) are lighted and only when the quartz tube is at a red heat at those 
places, the other flames are lighted one by one. The quartz tube has 
to be heated to a red heat for 5 minutes. After the combustion the 
absorber is removed and the CO, titrated according to Krogh and 
Rehberg (1929, 1930). One mm.’ n/3 HCI corresponds to 2y C. 

The differences between duplicate analyses are generally less than 
1.5 mm.’ HCl. If they are greater, which sometimes happens, it is 
advisable to perform a third and fourth analysis, if the size of the 
dissolved precipitate allows such a procedure. 





230 THEODOR vy. BRAND 


As shown in Table II, we have made a series of analyses both on 
dissolved substances and on organisms. In respect to the former, 


TABLE II 


Carbon content} 





| in y 
Substance in y era enane Remarks 
| 
| > - 
| La Found 
} 
| | 
Cane-sugar 106 | 44.7 43.8 | 
Cane-sugar 53 | 22.4 26.6 | 
Cane-sugar. . : 26.5} 12.2 11.3 
Cane-sugar li 201 | 81:2 | 84:7 | 
Aspartic acid 42 | 15.1 | 12.2 | 
Aspartic acid 42 15.1 | 14.4 | 
Creatinine-alum..... 72 11.0 12.6 
Urea ; 188 37.6 40.8 | 
P | > ? 
ee oa - 5 Fresh material, directly determinated 
Yeast 218) | 26.9 | Fresh material, suspended in sea water, precipitated 
Yeast.. 310 22.6 Fresh material, directly determinated 
Yeast 310 25.7 | Fresh material, precipitated from sea water 
Yeast 120) | 14.0 Fresh material, directly determinated 
Yeast 120; | 14.8 Fresh material, precipitated from sea water 
Yeast 190) | 16.0 Fresh material, directly determinated 
Yeast 190) | 23.0 | Preserved with formaldehyde, precipitated from sea 
| | water 
Yeast 300\ | | 30.0 | Fresh material, directly determinated 
Yeast 300; | 27.0 Preserved with formaldehyde, precipitated from sea 
| 


| | water 





| Carbon content in 





Number of organisms in the ‘= Remarks 
single determination | Calculated 
Found | for 100,000 | 
| organisms | 
253,000 Skeletonema costatum... 17.0 6.7 | Fresh culture, precipitated 
614,000 Skeletonema costatum 29.6 | 4.7 Fresh culture, precipitated 
1,020,000 Skeletonema costatum.... 46.2 | 4.5 Preserved with formaldehyde, pre- 
| cipitated 
44,500 Thalassiosira Nordenskigldi. 21.8 | 49.0 | Fresh culture, precipitated 
70,000 Thalassiosira Nordenskigldi. 39.8 | 57.0 | Preserved with formaldehyde, pre- 
| |  cipitated 
75,100 Thalassiosira Nordenskigldi. 41.0 55.0 | Preserved with formaldehyde, pre- 


| | cipitated 





it must be observed that the small amount of water burned (0.1 ml.) 
gives a noticeable amount of CO:2, which cannot be neglected. We 
are unable to explain this blank value. We have found that it is the 
same whether we use normal distilled or redistilled water. We can 
only say that it originates in the drying process. 


Examples 
1. Determination of 26.5y cane sugar in 0.1 ml. water = 11.3y C. 


Baryta solution directly titrated: 93.6 
93.6 


93.6 mm. n/3 HCl 
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Combustion of 0.1 ml. of the water used: 90.6 
91.0 





90.8 mm.’ n/3 HCl 
Combustion of 0.1 ml. of the cane sugar solution: 84.0 





85.4 

84.7 mm.’ n/3 HCl 
Titrations of the water: 90.8 
Titrations of the sugar solution: — 84.7 





6.1 mm.’ n/3 HCl, corresponding 
to 12.27 C 
Calculated: 11.37 C; found: 12.2y C. 


2. Determination of the carbon content of 360,000 Thalassiosira 
Nordenskieldi (fresh culture). 
Weight of the dissolved precipitate containing the organisms: 0.479 gram (=0.48 ml.). 


Baryta solution directly titrated: 92.3 
92.5 





92.4 mm.’ n/3 HCl 
Combustion of 0.1 ml.of the control precipitate: 89.3 
88.4 


88.8 mm.’ n/3 HCl 
Combustion of 0.1 ml. of the organism 


precipitate: 68.0 
68.6 

68.3 mm.’ n/3 HCl 
Titrations of the control precipitate: 88.8 
Titrations of the organism precipitate: — 68.3 





20.5 mm.* n/3 HCl corresponding 
to 4ly C 
These 41y C belong to the organisms in 0.1 ml. of the precipitate; therefore in the 
organisms of the whole precipitate we have: 197y C. 

The results of our analyses, as given in Table II, show that the 
mean accuracy resulting from duplicate analyses is in the case of 
dissolved substances about + 27 C, in the case of organisms about 
+ 3yC. The percentage accuracy is therefore in high degree de- 
pendent upon how much substance is available for the single determina- 
tion. It is not advisable to perform analyses with less than 10y C in 
the single determination. On the other hand, carbon amounts of 
about 1007 C can be determined without difficulty. 

The method is easy to carry out. It will probably give reliable 
results, for example, in researches on the metabolism of protozoa, the 
assimilation of lower algz, and generally in cases where only small 
amounts of material are available, but where relatively large differences 
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between the determinations can be expected. Concerning the practical 
use of the method in researches on the carbon content of small amounts 
of plankton, all will depend upon how far it will be possible to avoid 
contamination of the water sample with carbon-containing material 
(for example: the oil used to lubricate the water bottle). 
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Summary 


The method of Krogh and Keys for nitrogen determination is 
adapted for determinations on plankton. The range of nitrogen to be 
determined is 0.5—5y, the accuracy about 10 per cent. 

A method for the determination of small amounts of carbon for the 
same purpose is described. Amounts of 10 to 100y C can be deter- 
mined with an accuracy of about + 3y C. 
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THE EFFECTS OF SALINITY CHANGES ON BODY 
WEIGHT AND SURVIVAL OF NEREIS VIRENS 


LEONARD P. SAYLES 


(From the Department of Biology, the College of the City of New York, and the Marine 
Biological Laboratory, Woods Hole) 


It has been demonstrated by Pearse (1928), Annandale (1922), 
Vaughn (1919), Ferronierre (1901), and Florentin (1899), among 
others, that many marine forms will survive for various lengths of 
time in dilutions of sea water. This survival is made possible by the 
ability of the organism to adjust itself to its external medium. Many 
marine animals are ordinarily in osmotic equilibrium with their 
environment. Accordingly, if a marine organism is to survive in a 
new environment of altered salinity, it must attain a new equilibrium. 
Bethe (1930), working with the sea-slug Aplysia, has shown that 
osmotic movement of water is not the only factor in this equilibrium, 
but that, in addition, movement of salts takes place. Margaria 
(1931), working with certain crabs and with the dogfish Scyllium, 
noted that these animals soon had blood of the same osmotic pressure 
as that of diluted sea water in which they were placed. Adolph (1925) 
has pointed out that fresh-water forms, in their ordinary medium, are 
not in osmotic equilibrium with their surroundings. Furthermore, 
there is in fresh-water invertebrates a restricted and selective inter- 
change of inorganic solutes. Marine invertebrates, on the other hand, 
have less resistance to the penetration of water than have fresh-water 
forms and therefore adjust themselves more rapidly (Adolph, E. F. 
and P. E., 1925). 

MATERIALS AND METHODS 


As a measure of the adaptability of a marine organism to altered 
salinity, it is of interest to determine the influence which various 
dilutions of sea water have on the weight of the body. For this 
purpose the marine annelid Nereis virens was used. Work along this 
line on two other species of the same genus has been reported by 
Beadle (1931). 

The work here described was done at Woods Hole during parts of 
several summers between 1929 and 1934, a portion of it by Dr. Nelson 
F. Waters in the summer of 1930 as a problem in connection with the 
Invertebrate Zodlogy Course at the Marine Biological Laboratory. 
233 
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I am indebted to him for the use of the information which he obtained 
at that time. 

The experimental animals, obtained in as fresh a condition as 
possible, were kept in the laboratory for several days to allow them to 
clear their digestive tracts. For the experiments, worms were put 
into finger bowls, one in each with 250 cc. of solution. All dilutions 
were made with tap water. The water was changed once or twice a 
day. In any experiment where an animal was changed to new 
solutions a few hours apart, each of the other worms was changed 
into a fresh solution of the same concentration as that in which it was 
found. All weighings were made to the nearest milligram. Previous 
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Fic. 1. Changes in body weight of Nereis following transfer directly to various 
dilutions. A, in ordinary sea water; B, in 4/5 sea water; C, in 3/5 sea water; D and 
D’ in 2/5 sea water. 


to weighing, each worm was freed of most of the adherent water by 
rolling it hurriedly on filter paper. Any changes in the composition 
of the media were made immediately after the weighings. Worms 
were not fed during the experiments. 


EXPERIMENTAL RESULTS 


Experiment 1. Changes in Body Weight of Worms Following Transfer 
Directly to Various Dilutions 


The results of the longest experiment of this type, continued for 
354 hours, are shown in Fig. 1. Five worms were weighed and placed 
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in solutions as follows: A into sea water as a control; B into 4/5 sea 
water; C into 3/5 sea water; D and D’ into 2/5 sea water. D?’ died 
after 38 hours. Each experimental animal increased in weight, the 
one in the greatest dilution showing the greatest increase. Also, after 
11 hours, each returned toward its original weight, rapidly at first 


WEIGHT GAINED ~ PER CENT 





“se 25 50 75 100 125 150 175 190 
TIME -IN HOURS 


Fic. 2. Changes in body weight following transfer directly to various dilutions 
and upon return to ordinary sea water from these dilutions. A, in ordinary sea water; 
B, in 4/5 sea water; C, in 3/5 sea water; D, in 2/5 sea water; E, in 1/5 sea water; F, in 
ordinary tap water. At X, after 93 hours in dilutions, the return to sea water 
was made. 
but more slowly as time went on. In Nereis virens, therefore, there 
was an increase in weight, the greater the greater dilution. Each 
worm, however, showed a tendency to accommodate itself to its new 
environment and to return to a weight which approximated that 
which it had at the start. 
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Experiment 2. Effect of Return to Sea Water after a Period in Dilutions 

In an early experiment in this series 6 worms were at first placed 
in solutions as follows: A into sea water; B into 4/5 sea water; C into 
3/5 sea water; D into 2/5 sea water; & into 1/5 sea water; and F into 
ordinary tap water. Figure 2 gives the data for this experiment. 

In the case of the control there was a gradual loss up to 93 hours. 
A sharp drop then occurred during the next 3 hours. Not infrequently 
there was some loss of weight when two successive weighings were 
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Fic. 3. Effects of return to dilutions after period in sea water and of return to 
sea water again. A-—F,asin Fig.2. Worms were placed in dilutions at beginning of 
experiment, returned to ordinary sea water at X, put into the dilutions again at X’, 
and finally returned to sea water at X”’. 


50 100 150 


made within a few hours of one another. During the first half of this 
experiment there was a close parallel with the results of Experiment 1. 
Here, however, specimens were also put into 1/5 sea water and straight 
tap water. Both of these last mentioned worms died during the first 
day. The weight increase of E (in 1/5 sea water) was intermediate 
between Fand D. E also survived several hours longer than F. 
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Another new point brought out by this experiment is that, although 
in Experiment 1 the apparent maximum increase was at 11 hours, 
most of the worms had probably begun to lose weight at that time. 
In the present experiment the worms were weighed at 2} hours and 
again at 5 hours. Here the apparent maximum was reached at the 
first weighing in the cases of B and C and at 5 hours by D. A com- 
parison of all the graphs shows that not only was there a more rapid 
rise but there was a longer period of rise the greater the dilution. 

At the end of 93 hours all were returned to sea water. All the 
experimental animals showed a drop in weight, a very marked one in 
the case of D. The noteworthy point seems to be that D dropped 
very soon to almost the same level as the others. Although there were 
some individual variations from this point to the end of the experiment, 
about 4 days later, the weights of all remained fairly close during 
this time. 
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Fic. 4. Effect of gradual dilution of the external medium. Period in each 
dilution is indicated by the fractions, e.g. 7/8, indicating time in 7/8 sea water. 
Experiment 3. Effect of Return to Dilutions after a Period in Sea Water 

In this case worms were placed in various dilutions as above. 
The results are shown in Fig. 3. The responses of these worms to 
the transfers to dilutions and back to sea water were similar to those 
in the other two experiments described above. 

Ninety-six hours after the return to salt water B was transferred 
back to 4/5 sea water and C back to 3/5 sea water. Both increased 
in weight. B, however, just about paralleled the control except for 
one weighing. C, on the other hand, increased rather rapidly to 
about 25 per cent (using as a basis its original weight) after 24 hours. 
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After the first transfer to dilute sea water the same worm had increased 
about 50 per cent after 24 hours. z 

Five days after the return to the dilutions the worms were again 
placed in ordinary sea water. The weight of C dropped suddenly 
even below that of the control. Both experimental worms then 
increased in weight a little and at the end of the experiment they were 
quite close to the control worm. 


Experiment 4. Effect of Gradual Dilution of External Medium 
Figure 4 gives an example of a worm which was weighed at least 
once or twice between successive changes. Each change except the 
last was, of course, a relatively greater drop in salt content than was 
iSO 
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Fic. 5. Effect of gradual dilution of the external medium. Average of 5 speci- 
mens. Period in each dilution indicated by the fractions as in Fig. 4. 


the one preceding it. As one might expect from this fact, the increase 
in weight was greater and the duration of the rise longer each time 
than it was the time before. Another experiment of this type, in 
which practically no weighings were made between changes, is shown 
in Fig. 5. Even here the changes were probably made too often. 
Unfortunately it became impossible to follow the weights of these 
worms beyond the fifth day in 1/8 sea water. At that time one was 
killed. The other four were moved from Woods Hole to New York 
City. Of these, one lived 10 days in the 1/8 sea water and the other 
three survived 14 days in that dilution. The fact that the thirteenth 
and fourteenth days were very warm and that no facilities were 
available for keeping the water at an even relatively cool temperature 
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probably explains the deaths of the last three. In contrast with this 
survival in 1/8 sea water, Nereis virens transferred directly to 1/5 or 
lower concentrations died within a few hours. Pearse (1928) reported 
that this species lived 3 hours in 1/8 sea water. 


Experiment 5. Effect of Transfer to Fresh Water from Various Dilutions 
of Sea Water 

To determine whether worms which had lived for a time in dilute sea 

water were better adapted to withstand fresh water than those which 
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Fics. 6 and 7. Effect of transfer to fresh water from various dilutions of sea 
water. A, from ordinary sea water; B, from 7/8 sea water; C, from 6/8 sea water; 
D, from 5/8 sea water; E, from 4/8 sea water; F, from 3/8 sea water; G, from 2/8 sea 
water. In Fig. 6 the weight changes are calculated on the basis of original weights in 
sea water at beginning of experiment. In Fig. 7 the weight changes are on the basis 
of weights at the time of transfer of all to the fresh water, 374 hours after the begin- 
ning of the experiment. 
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had been kept in straight sea water, a group of eight worms was 
treated as follows. After weighing, the control worm (A) was kept in 
sea water and the other seven were transferred to 7/8 sea water. 
The procedure of gradually changing worms into lower dilutions, as in 
Experiment 4, was followed here except that at each step one worm 
was not carried into the next dilution. As a result, at the end of 250 
hours, there was the following set-up for the worms in terms of ratio 
of sea water to fresh water: A in 8:0; B in 7:1; C in 6:2; Din 5:3; 
E in 4:4; F in 3:5; G in 2:6; and H in 1:7. Five days later (374 
hours after the beginning of the experiment) these worms weighed 
as follows in terms of percentage of original weight: A, 81; B, 93; 
C, 98; D, 100; EF, 101; F, 109; G, 114; and H/, 266. All were then 
put into fresh water. 

The changes in weight in the fresh water are shown in Fig. 6. 
I, which was very much swollen, burst after the first weighing. In 
the case of the other worms, there is a practically complete reversal of 
the order after 10 hours. To show the actual relative increases after 
transfer from the various dilutions to the fresh water, these same data 
were recalculated using as a basis the actual weights at the time of 
this last change. These data are presented in Fig. 7. It may be 
noted that, during this 10-hour period, there was an increase of but 
36 per cent in the weight of G and one of 153 per cent in that of A. 

Further evidence along this same line was given by the behavior 
of these worms at various times after the transfer to fresh water. In 
one experiment a worm from 1/8 sea water was still exhibiting slight 
parapodial movements after 13 hours in fresh water. In worms 
transferred from ordinary salt water such movements ceased within 
1-3 hours. In others, from 1/2 sea water, parapodial movements 
were not observed after 8-9 hours. It seems, therefore, that worms 
which have been some time in dilute sea water are able to withstand 
exposure to fresh water better than those which have been kept in 
ordinary sea water. These differences might possibly have been due 
in part to the fact that in the more dilute solutions the body fluids of 
the animals had lower osmotic pressures due to the loss of salts. 
Also this difference might have been due to the fact that the mechanism 
which rids the body of excess water was more actively at work in the 
low concentrations than in the higher, especially ordinary sea water. 
In the course of these experiments no attempt was made to discover 
what this mechanism might be. Although various opinions concerning 
the nature of this mechanism have been expressed by Schlieper (1930), 
Adolph (1927), Dakin and Edmonds (1931), Margaria (1931), and 
others, the problem still remains an open one. 
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DISCUSSION 

A longer continued rise and a greater increase in weight the greater 
the dilution have been observed by Bethe (1930), working with the 
sea-slug Aplysia. He found increases comparable to those described 
for Nereis virens. The time element, however, was quite different. 
A plysia, in 50 per cent sea water, returned nearly to its original weight 
(to about 1.15 X) in 6-10 hours. N. virens, on the other hand, 
usually required about 60 hours to return to a similar level in 60 per 
cent and over 100 hours in 40 per cent. Aplysia, placed in 75 per cent 
sea water, returned to its original weight in 4-5 hours and dropped to 
0.85 in less than 8 hours. WN. virens required, in most cases, more 
than 30 hours to return to its original weight in 4/5 sea water. Unfor- 
tunately Bethe does not report any controls. In experiments begun 
2 or 3 days after the worms had been brought into the laboratory, 
controls of NV. virens dropped in some cases below 0.8 X. Also it is 
known (Adolph, E. F. and P. E., 1925) that temperature changes 
have a marked effect on changes in body weights of invertebrates. 
Consequently, in the absence of reported controls, it is not possible 
to make any satisfactory comparisons of the time factor between 
Bethe’s results and those presented here for N. virens. 

Beadle (1931) reports on two other species of Nereis (N. diversicolor 
and N. cultrifera). In 1/4 sea water N. diversicolor increased to 1.7 X 
in 18-20 hours, remained at that level for about 50 hours and then 
gradually dropped to 1.4 at 120 hours, when the experiment was 
ended. Speaking of the behavior in 1/6 sea water, Beadle says 
(p. 216), ‘‘Unfortunately, of a number of N. diversicolor, all except 
one shed eggs soon after transference to the dilute water.”” The 
weight of the one exception rose to about 2.5 at 20 hours and then 
slowly dropped to about 2 * at the end of the experiment. Many 
specimens of N. virens broke after they had increased 2 X to 3 X. 
As in the case of the two individuals of N. diversicolor indicated in 
Fig. 2 of Beadle’s paper, the specimens of N. virens paralleled one 
another for a time. Then some would begin to decrease in weight 
while others were gradually increasing. In each case where the weight 
continued to increase the integument eventually became stretched 
very thin and the worm became turgid. In many of these instances 
a rupture of the integument soon occurred with the loss of a large 
amount of body fluid. Although some of these individuals lived for a 
long time, it seems better to interpret this effect as due to the skin 
becoming stretched to a breaking point by the swelling of the organism 
rather than to attribute it to the ordinary shedding of genital products. 
A comparison of these three species of Nereis shows that, in the 
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first place, NV. virens could not withstand as great dilutions as could 
the other species. Also, in dilutions of approximately minimum 
survival concentration, the maximum body weight of NV. diversicolor 
(about 1.7 X) was maintained for about 50 hours and that of JN. 
cultrifera (about 2.3 <) for at least 70 hours. JN. virens, in a corre- 
sponding solution, was well on the way to its original weight within 
24 hours after the maximum was reached. At 50 hours after the 
maximum it was down to about 1.3 X and at 70 hours down to a 
little over 1.2 x. 

Adolph, E. F., and P. E. (1925, p. 108) found that ‘‘a brief lowering 
of the temperature 5° C. led in one hour to a loss of weight of 4 per 
cent’’ in the case of Lumbricus. In harmony with these data are 
those reported in Experiment 1 of this paper. A worm of 3/5 sea 
water increased in weight nearly 4 per cent during a period of 15 
hours, when it might have been expected to lose a little over 1 per cent. 
Thus there was a difference of about 5 per cent between actual and 
expected weights. During the time of the unexpected increase the 
laboratory temperature rose from a little below 22° C. to 25° C. 
Except for this especially warm day the temperature remained at 
21°-22° C. during this experiment. At this same time other worms 
in this experiment also showed an increase, though very slight. 

N. virens, when returned to sea water from dilutions, lost weight 
rapidly. After this initial loss a slight increase in weight occurred. 
This is in agreement with Bethe’s statements (1929 and 1930) that 
Aplysia, returned to sea water from dilutions, exhibited an initial loss 
of water followed by the intake of salt from the external medium. 
Adolph (1925, p. 329), on the other hand, reports that in 1/2 sea 
water Phascolosoma “‘\ost slowly a considerable amount of the dissolved 
substance of the body fluids, so that when finally returned to normal 
sea water very little water passed from the body compared to that 
originally gained.’ It seems to us that loss of salts from the body 
should help to decrease the osmotic pressure of the body fluids and 
that, as a result, the ordinary salt water would be relatively higher in 
comparison. Therefore, one might expect an even greater loss of 
water from the worm than would result if no such salt-loss occurred. 
It is clear, however, that although an animal in 2/5 sea water might 
lose a considerable amount of salts—as found by Bethe (1929) for 
Carcinus and Aplysia—its weight did not drop distinctly below the 
control on return to sea water. 

When specimens of N. virens were again placed in their respective 
dilutions they once more increased in weight. These changes were 
more gradual and smaller than those following the first subjection to 
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dilutions. Perhaps these less marked responses to diluted sea water 
‘recovery period”’ of the first 


were due to the loss of salts during the 
exposure to dilute sea water. In Experiment 2 the worms were 
returned to ordinary sea water a second time. This time, especially, 
they showed changes almost the exact opposite of those occurring on 
transfer to dilutions. There was a sharp loss followed by an increase 
in weight. Dakin and Edmonds (1931, p. 180) have expressed the 
opinion that on transfer to dilutions ‘‘muscular contraction resulting 
from any unfavorable conditions may cause expulsion of water and 
consequent loss in volume and weight.”” Such an explanation could 
hardly apply to the increase in weight following the initial loss after 
the return to ordinary sea water. The similarity between this latter 
response and that shown on the transfer of worms to the dilutions is 
sufficient, it seems, to raise some doubt as to whether or not the 
expulsion of water soon after immersion in dilute sea water is due, 
even for the most part, to muscular contraction. 

Adolph (1925, p. 332) states that ‘‘most marine animals are able 
to live after abrupt change to almost pure fresh water, providing that 
the remaining salts are present in physiological proportions.’”’ A\l- 
though he says that some lived in 2 per cent or even in 1 per cent sea 
water, he cites no references and names no specific organisms. Cer- 
tainly such is far from the case with Nereis virens, for which we have 
found the minimum survival concentration to be near 2/5 sea water. 


SUMMARY 

1. Nereis virens increased in weight on transfer to sea water diluted 
with fresh water. This increase was greater the greater the dilution. 

2. The minimum survival concentration was between 30 and 40 
per cent sea water. In concentrations of greater salt content than 
this, NV. virens decreased in weight after the initial increase. This 
decrease was rapid for about a day and then gradual. 

3. A few scattered observations of body weight changes which 
seemed to be associated with temperature changes have been made. 
These are in agreement with the report of Adolph, E. F. and P. E. 
(1925). 

4. On return to sea water from a dilution, N. virens lost weight 
rapidly. This loss was greater the lower the concentration in which 
the animal had been kept. After this initial loss a slight increase in 
weight occurred. 

5. When specimens of N. virens were placed for a second time in 
their respective dilutions they increased in weight again. This time, 
however, the changes were more gradual and smaller than those after 
the first subjection to dilutions. 
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6. Although JN. virens survived but a few hours after direct transfer 
to 1/8 sea water, it lived 14 days in that dilution when transferred 
slowly through intermediate dilutions. 

7. Worms which had been several days in dilute sea water lived in 
fresh water longer than did worms which had been transferred directly 
from ordinary sea water. Also the more dilute the solution in which 
the animal had been kept the less the rise in weight on transfer to 
fresh water. 
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CHLORIDE AND TOTAL OSMOTIC PRESSURE IN THE 
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Zoologica, Naples, Italy; and the Laboratory of the Marine Biological Association, 
Plymouth, England)? 


Profiting by our previous experience which has demonstrated 
rather rapid changes in the blood and urine of marine teleosts under 
experimental conditions (Grafflin, 1931; Pitts, 1934), the present study 
has been carried out in an attempt to establish, in so far as possible, 
the range of plasma chloride and of total osmotic pressure in various 
species under their normal conditions of existence in the sea. A review 
of the literature necessitated the assumption that, particularly with 
respect to the osmotic pressure determinations, the figures reported 
must in many cases, from a consideration of the methods by which the 
specimens were procured, represent values significantly higher than 
those obtaining normally. It became of great interest to determine 
the degree of constancy of the plasma chloride and the blood delta 
in a given species and in species of widely separated phylogenetic 
groups, when specimens were obtained under fairly ideal conditions. 
Throughout this study only those values obtained upon blood drawn 
immediately from fishes caught with hook and line have been accepted 
as representing the normal values in a given species. 


METHODS 

Blood was drawn by hypodermic syringe by three methods, to be 
referred to simply as heart, sinus, and tail. J/eart: the heart was ex- 
posed, and blood was removed by puncture of the ventricle or of the 
bulb of the aorta. Sinus: the gill covering was held away from the 
body, and the large venous sinus behind the gill arches was rapidly 
exposed by incision of the overlying tissues. It is to be noted that 
specimens of cod, pollack and haddock caught in deep water frequently 

1 Fellow of the John Simon Guggenheim Memorial Foundation, 1934. 

2 1 wish to express my indebtedness to Prof. Reinhard Dohrn, Director of the 
Naples station, Dr. E. J. Allen, Director of the Plymouth laboratory, and their 
staffs for their whole-hearted coéperation and assistance while I was carrying out the 
present study. Also, it is a pleasure to acknowledge the cheerful coéperation of 
Captains Bunce and Honey of the ‘“‘ Rachel,’”’ whose knowledge and skill made the 


work at Plymouth possible. 
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showed a collection of gas in the sinus. When this was at all marked 
the fish was discarded. Tail: the needle was carried through the 
fleshy part of the tail from the ventral side and exactly in the mid-line 
posterior to the urinary papilla (in Conger considerably posterior to the 
papilla, to avoid the caudal kidney) until the firm resistance of the 
vertebral column was encountered. The needle was then withdrawn 
very slightly before suction was exerted upon the syringe. With some 
experience blood can be obtained almost invariably and quite rapidly by 
this method, which was originally developed by Dr. Homer W. Smith. 
Any fish found torn and (or) bleeding at the point of hooking was 
rejected in this study. 

Chloride was determined by the method of Van Slyke (1923) with 
the modifications reported by Smith (1930), and is expressed through- 
out as millimols per liter. After the plasma samples had been digested 
with nitric acid, the tubes were thoroughly cooled in an ice-water 
mixture, solid ferric alum was added as an indicator, and titration was 
carried out at once. In the course of the titration ether was added to 
float the precipitated AgSCN, and near the end-point the tubes were 
again chilled with ice. Under such conditions, when the tubes were 
vigorously shaken throughout the titration, the end-points were very 
sharp and permanent.’ All determinations were carried out against a 
standard of 160 millimols per liter, which was quite close to the chloride 
concentration in the unknown solutions. <A standardization was run 
with each batch of chlorides, the tubes being handled in exactly the 
same manner as the plasmas. At each of the three laboratories the 
entire group of chloride determinations was carried out with the same 
3 cc. pipette for the silver nitrate solution and the same 0.5 cc. pre- 
cision pipette for the samples. Comparison with a 1.0 cc. pipette 
showed that no error was introduced by the use of the smaller samples. 
Except in a few instances, where insufficient fluid was available, 
duplicate analyses were made. As a further check upon the method, 
it was demonstrated that chloride added to plasmas of known con- 
centration could be recovered quantitatively. 

Freezing-points were determined on whole blood in an apparatus 
kindly supplied by Dr. W. R. G. Atkins of the Plymouth laboratory. 
The size of the samples was approximately 3.5 cc. Inoculation with 

* I was led into the present problem by a distrust of my earlier plasma chloride 
analyses (1931), which were carried out without the improvements in the method 
suggested by Smith. It was apparent that these analyses had almost certainly 
suffered from overtitration, due to the use of a considerable volume of indicator 
solution, as recommended by Van Slyke, and to the marked opacity of the fluid at 
the end-point; and so had given values which were too low, since the error from 


overtitration would be significantly greater with plasmas than with standard chloride 
solutions or blanks. 
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delicate crystals of hoar-frost was carried out at an average of 0.2° 
below the freezing-point, and no correction has been made for under- 
cooling. The thermometer was of the Beckmann type, constructed 
for the freezing-point range, and was read to 0.001° with a hand lens. 
Check readings on blood samples usually agreed within 0.002°, at the 
most within 0.004°. The ice-point was determined at the beginning 
and end of each set of blood determinations, and remained constant. 
As a further check upon the apparatus, it was shown that the freezing- 
point of a known sodium-chloride solution could be determined ac- 
curately to the second decimal place. These facts, coupled with the 
consistent checks obtained upon the same blood samples at different 
times, lead us to believe that the deltas reported are accurate to the 
second significant figure. 
TABLE I 
Plasma chloride of various fishes bled immediately after catching on hook and 


line.* Data obtained at Salisbury Cove, Me. 


Pseudo- 





M yoxoce phalus pleuronectes Gadus M yoxoce phalus G dus Melanogram- 
octodecims pinosus callarias or pius pollachius mus @glefinus 
Sculpin) (aceass (Cod) Daddy sculpin) | (Pollack) | (Haddock) 
millimols/liter millimols/liter millimols/liter millimols/liter millimols/liter| millimols/liter 
158.0 162.8 149.7 150.9 163.1 150.5 150.5 
159.2 162.8 152.4 150.9 164.4 152.1 
160.0 162.8 153.2 151.3 
160.4 162.8 154.0 151.3 
160.4 163.2 154.4 151.3 
160.8 163.5 154.4 151.6 
161.2 163.6 155.2 155.2 
161.6 165.2 155.7 
162.4 166.4 158.4 
162.4 168.4 








* Sculpins and flounders were taken in Frenchman’s Bay, and were bled from the 
heart; cod, pollack, and haddock were taken near Egg Rock, off Bar Harbor, and 
were bled from the sinus. Heparin was used as anticoagulant. I wish to ac- 
knowledge the assistance of Mr. David Ennis in these experiments at Salisbury Cove. 


RESULTS 

In Table I are given the normal values for plasma chloride in 
various teleosts taken at Salisbury Cove, Maine. Sculpins and flound- 
ers were caught in rather shallow water and bled very rapidly, and it 
is reasonable to assume that the values obtained are essentially identical 
with those existing in the blood immediately before catching. Grant- 
ing this assumption, it is clear that the sculpin shows a considerable 
physiological range of variation in the plasma chloride level; and, 
although the data are not so extensive, this conclusion applies with 
equal force to the flounder. In the family including the cod (with 
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the exception of one value—155.2 millimols), haddock and pollack, on 
the other hand, there is indicated an almost rigid constancy of the 
chloride level. It is to be noted that such constancy has not been 
borne out for this family by fairly extensive work on pollack at Ply- 
mouth. As a first approximation from the data in Table I, it seems 
that the better protected, scaled members of the cod family are able 
to regulate chloride at a significantly lower level (average three 
species 151.6 millimols) than the non-scaled, skin-covered sculpins 
average two species 162.5 millimols), and that the flounder (average 
154.2 millimols) is intermediate between them in this respect. Further 
consideration of the possible correlation between integument and 
chloride level will be deferred until the discussion. 


TABLE II 


Plasma chloride of fishes bled immediately on removal from the Aquarium, Stazione 
Zoologica, Naples * 


Scorpena scrofat Trigla coraxt Sargus rondeletiit 
millimols/liter millimols/liter millimols/liter 
147.6 150.8 153.1 158.7 155.1 161.5 
149.6 151.2 153.9 163.9 160.7 165.1 

150.8 157.9 156.0 179.7 
Serranus gigast Labrus turdust Cantharus lineatus§ 
155.5 145.2 151.2 161.9 
Serranus cabrillat Vurena helenat Pagrus vulgarist 
158.6 156.7 163.0 
Pagellus erythrinust 
167.4 


*Heparin used throughout as anticoagulant. + Bled from exposed heart. 
t Bled from tail with exception of Trigla No. 3 (156.0), which was bled from tail and 
heart. § Bled from tail and heart. 


That it is necessary to obtain blood under ideal conditions to arrive 
at the normal chloride level is indicated by the following data. Speci- 
mens of .V. scorpius are relatively rare, and nine additional specimens, 
taken in the course of the summer and bled only after a variable delay, 
sometimes involving extra handling, gave plasma chloride values of 
163.2, 166.0, 168.0, 168.6, 168.7, 168.7, 169.8, 174.0 and 177.2 millimols. 
Three flounders, kept in a live car for some time after catching, gave 
values of 173.0, 174.0 and 179.0 millimols. 

At Naples it was completely impossible to obtain specimens from 
the sea with hook and line, and Dr. Dohrn was kind enough to allow 
me to remove from the aquarium many fishes whose long period of 
residence indicated thorough acclimatization. These fish were netted 
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or hooked from the tanks as they swam about and blood was obtained 
as soon as possible. The data are summarized in Table II. It is 
obviously impossible to be sure that the values obtained represent the 
chloride levels in the blood under normal conditions of existence in the 
sea, but there are reasons for believing that, on the whole, the figures 
are probably not far in error. Thus the average for Scorpena scrofa 
(151.3 millimols) is quite low, and close to the lowest average obtained 
in the entire study (150.6 millimols). The single specimen of Pagellus 
erythrinus is quite close to the average for specimens of Pagellus 
centrodontus (168.9 millimols) taken under ideal conditions at Ply- 
mouth; and the value for Labrus turdus is one of the three lowest 
obtained in the entire study (see Table IV). It must be recalled 
that the salinity of the Mediterranean is considerably higher than that 
of the Atlantic Ocean, and that the circulating water of the aquarium 
tends to be still higher. Comparing the data of Table II with Table I, 
from the standpoint of chloride level Scorpena scrofa is to be compared 
with the members of the cod family; Sargus rondeletit (which has a 
very high hematocrit) is to be compared with sculpin (much lower 
hematrocrit); and Trigla corax (if we disregard the value of 179.7 as 
abnormally high, as has been done in computing the average for 
Table V1) is intermediate between the flounder and sculpin.* To be 
compared with the low values on aquarium specimens of S. scrofa are 
the following very high values obtained for five living specimens 
caught fast in a fine net (rete di posta, Stellnetz) which had been in the 
water eight hours before hauling: 173.8, 180.8, 180.8, 182.1 and 184.3 
millimols. 

Advantage was taken of an opportunity to obtain specimens of the 
relatively rare Orthagoriscus mola from a large tunny-net off the island 
of Prochida, near Naples, in an attempt to establish the normal level 
of plasma chloride in this species. Unfortunately, under the condi- 
tions of hauling the net, it was impossible to remove specimens for 
bleeding singly and while the net volume was still large. For this 
study the fish were removed rapidly with a hand net or by hand as 
soon as they were within reach and before the net was too closely 
hauled, and transferred to reed baskets of good size hung over the side 
of the ship. The animals were then bled from the exposed heart as 
quickly as possible (Table III). In computing the average for Table 
VI, the first five specimens under A and all of Group 1 under B, 
Table III, were used, and we believe that the value given (163.5 

* Since Table VI will be referred to several times in this section, it may be stated 


here that it is a summarizing table in which many of the species studied are gathered 
together for comparison on the basis of average plasma chloride and average delta. 
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millimols) is probably not far from the normal chloride level. In the 
sixteen fish under A, Table III, there was considerable overcrowding 
in the baskets, and that there was a slow, but definite, rise in plasma 
chloride under these conditions is shown, we believe, by the following 
averages: Specimens 1 to 5, time after removal from net 5 to 15 
minutes, average chloride 163.0; 6 to 10, 15 to 25 minutes, 165.2; 11 to 
16, 25 to 35 minutes, 169.7 millimols. On the other hand, the average 
of Group 2, bled one hour after removal from the net, but not sub- 
jected to much overcrowding in the baskets, is not much higher than 
that of Group 1: 1—164.0; 2—166.0. Two specimens allowed to 
asphyxiate in the air until dead, and bled 40 minutes after removal 
from the net, gave plasma chloride values of 167.9 and 168.2 millimols. 


TABLE III 


Orthagoriscus mola—Plasma chloride 


A. Transferred from close-hauled tunny-net to two reed baskets in water, eight 
to each basket; bled from exposed heart at regular intervals, in order given; first bled 
at 5 minutes, last at 35 minutes after removal from net; first basket emptied before 
starting on second. 


1. 160.3 5. 164.8 9. 163.4 13. 167.0 
2. 162.4 6. 162.4 10. 165.8 14. 168.8 
3. 160.3 7. 167.8 11. 169.3 15. 171.3 
4. 167.4 8. 166.7 12. 170.2 16. 171.3 


B. Transferred as above, six to each basket; bled from heart in order given; three 
from each basket for Group 1 (one lost), three for Group 2; Group 1, 4 to 12 minutes 
after removal from net; Group 2, 61 to 69 minutes. 


Group 1 1. 163.9 Group2_ 6. 163.1 
2. 161.8 7. 168.7 

3. 163.6 8. 165.1 

4. 162.6 9. 166.2 

5. 168.1 10. 163.1 

11. 169.5 


Table IV contains the data obtained on various teleosts at Ply- 
mouth. Certain explanatory details are necessary for the proper 
interpretation of this table, and are given below. 

Explanatory Details for Table IV.—All specimens reported in this 
table were taken at a considerable distance from shore, in the vicinity 
of Eddystone Light, with the exception of the group of mackerel upon 
which chloride alone was determined; this latter group was taken in 
Plymouth Sound. All hook and line specimens were caught by expert 
fishermen and hauled into the boat for bleeding as soon as possible. 
The mackerel, which were of full size, were caught in the usual manner, 
by dragging lines with the boat in motion. To avoid error, specimens 
were accepted for bleeding only when they were actually felt to take 
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the hook while the line was being tended. Pollack and conger were 
taken in from fifteen to twenty-five fathoms of water and were of 
large size, with an average length of 80 cm. and 125 cm. respectively. 
Bream and wrasse were large, while the specimen of pout was rather 
small (all taken in deep water). A considerable number of pollack and 
conger were taken from the long line (or trawl line), in order to evaluate 
the degree of abnormality caused by this method of catching. The long 
line is a stout cord, anchored and buoyed at both ends, and furnished 
with baited hooks at intervals throughout its length. The line was left 
overboard for from one to three hours before hauling, and fish were bled 
as soon as they came on board. 

Specimens of pollack, mackerel, bream and pout were bled from 
the sinus; wrasse and conger (with one exception—Cl 185.6 millimols 
—heart) were bled from the tail. In one value reported for bream 
(CI—170.0 millimols) the blood from two specimens was pooled. 
Potassium oxalate was used as anticoagulant in the pollack and 
mackerel upon which plasma chloride alone is reported; heparin was 
used in practically all other specimens. The exceptional cases are 
marked with an asterisk and in these no anticoagulant was employed. 
Since heparin was used in almost all bloods used for osmotic pressure 
determinations, and since, the fish being taken at sea, there was 
considerable delay before the freezing-points could be determined, 
it was necessary to prove that neither of these conditions affected the 
accuracy of the results. Studies made upon conger and _ pollack 
blood demonstrated that the presence of heparin and a delay for 
periods up to twenty-four hours made absolutely no difference in the 
results when the bloods were packed with ice as soon as they were 
drawn. This latter procedure was employed for all samples. 

Examination of Table IV shows that in hook and line specimens of 
pollack, mackerel, and conger there is considerable variation in both 
plasma chloride and delta, with no correlation between the two. This 
variation is tentatively interpreted as physiological (see discussion 
below). It seems entirely justifiable to consider one of the pollack 
(Cl—173.5 millimols) as highly abnormal, and this fish has not been 
included in determining the average for Table VI. From the stand- 
point of plasma chloride, the low average level of pollack agrees with 
that previously found in the cod family; and mackerel, with its signifi- 
cantly higher level, closely corresponds to the data on sculpin (Table I). 
In the conger the average chloride is higher than in any other species 
examined in the entire study, and is approached only by the bream, 
on which, however, sufficient data are not available. From the stand- 
point of average delta, pollack is lowest and conger is quite high, 
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TABLE IV 


Plasma chloride and A of whole blood. 


Gadus pollachius 
(Pollack) 


A. 


Hook and line 


Plasma chloride Plasma chloride 


millimols/l millimols/l 


145.6 —0. 
146.7* ; 
147.5 146.0 . 
148.3 147.2* ‘ 
149.0 149.2 d 
149.0 149.9 7 
149.8 150.3 i 
149.8 150.7 ; 
151.4 151.1 7 
152.6 152.2 : 
154.0 ; 
154.1 ; 
158.8 : 
160.8 / 
173.5 s 
2. Long line 
155.3 160.7 ; 
164.3 162.6 7 
165.4 164.2 ‘ 
167.7 166.2 } 
176.2 168.7 , 
173.5 J 


Conger vulgaris (Conger eel) 


A of whole blood 


Data obtained at Plymouth. 


Scomber scombrus 
(Mackerel) 


Hook and line 


Plasma chloride 


millimols/l. 


Cc. 
657 158.4 163.8 
673 159.2 164.2 
660 159.2 164.2 
651 160.0 164.2 
684 161.8 169.2 
657 162.7. | 170.0 
697 ee ee 
657 Plasma A of 
690 chloride | whole blood 
660 Se eee 
649 157.3 —0.721 
683 157.3 773 
680 157.7 .754 
698 158.6 ae 
778 159.3 734 
162.4 775 
163.2 753 
165.1 .729 
739 Hook and line 
747 sities 
751 Pagellus centrodontus 
800 (Bream) 
760 
808 a aa 


A of 
| whole blood 


Plasma 
chloride 








; ; 165.8 —0.784 t 

1. Hook and line 2. Long line 170.0 .785 

- a a 170.9 815 

Plasma A of whole Plasma A of whole |— es = 


chloride blood chloride blood Labrus bergylta i 
7 oe ee (Ballan wrasse) 
millimols/l. millimols/l. 
157.7 —0.728 181.2 Se Fle UL 
167.7 .760 182.2 .840 158.8 682 
170.7 .762 182.7 875 a Se . 
171.6 .782 183.3 813 Ehaitiiens Ricans 
172.7 127 185.6 .820 (Pout) , 
174.2 .788 186.8 .836 
175.4 .800 187.6* .891 
175.5* 765 188.1 .834 144.1 - 
176.6* .749 188.7* 858 
177.3 .794 
179.6 .760 
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corresponding roughly to their chloride levels, but the delta for mack- 
erel is significantly higher than would be expected from the chloride 
comparisons alone. In this respect the following percentages, calcu- 
lated from the averages in Table VI, and expressed in terms of increase 
above the level found in pollack, are interesting: mackerel, Cl—7.5 
per cent, delta—12.1 per cent; conger, Cl—14.6 per cent, delta—14.0 
per cent. Whether the relatively high delta of mackerel is associated 
with its unusually high hematocrit we cannot say. The same con- 
sideration applies to the bream. 

Specimens of pollack and conger taken on the long line show con- 
siderably higher values than those taken on hook and line, and indi- 
cate at once the uselessness of material obtained in this way in any 
attempt to establish normal levels. The following supplementary 
data serve to reinforce this conclusion. Six mackerel, in excellent 


TABLE V 


Comparison of blood from sinus or heart, and tail. Data obtained at Plymouth. 





Gadus | Plasma A of whole | Conger Plasma | 4 of whole 

pollachius chloride blood | vulgaris | chloride blood 

| millimols/l. c millimols/l. | °C. 

Sinus... 160.7 =—@:739 | Midast.........) 185.2 |_0.784 

72m. . eee 159.3 .774 NR he'd 187.2 .787 

Sinus 154.0* | .649 ah: Sime 186.5 .838 

Tail ee; | Met ee. ....... 186.8 838 

ee 149.9* | OST | Weeest........ 190.0 .840 

Tail a : 146.8 SOD | Tbe: ; ;. : 188.1 .834 
Sinus... wae .657 Gadus morrhua 

Ta... 149.1* | .673 | Sinus......... 150.0 | .737 

| eo ai 150.0 .139 


condition, were taken from the large weir off Salisbury Cove, Maine, 
and brought to the laboratory in a large tub, with a constant change of 
water. They were then bled from the sinus and gave plasma chloride 
values of 171.1, 171.5, 173.5, 174.7, 176.2 and 182.2 millimels. Also, 
one specimen of bream taken on the long line showed a chloride of 
184.8 millimols. 

For the sake of maximum speed in obtaining blood, it was neces- 
sary to bleed specimens of conger from the tail rather than from the 
heart. All other adequately studied species were bled from the sinus 
or heart. Hence, a direct comparison of the conger with the other 
fishes is justified only if it can be shown that samples of blood drawn 
from the heart and tail of this species are essentially identical. That 
this is true for conger is evident from the figures in Table V. Also, 
a single specimen of Gadus morrhua showed identity of the two blood 
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samples. In three out of four specimens of pollack, on the other hand, 
the delta of tail blood was found to be significantly higher than that of 
blood from the sinus. From the data at hand, this higher delta is 
definitely not accompanied by an elevation of the plasma chloride 
level. Specimens marked with an asterisk in Table V were taken with 
hook and line, all others on the long line. 

In the course of this study, the striking observation has been made 
upon certain of the Labridz that the plasma contains a blue or green 
pigment. We have not been able to pursue this observation further, 
but in view of the interest of such a finding, the following meagre 
data are reported: Labrus turdus (2 specimens, Naples), plasma green, 
integument predominantly green; Crenilabrus pavo (1 specimen, 
Naples), plasma blue, integument predominantly blue; Labrus bergylta 
(Plymouth) : Specimen No. 1, plasma blue turning to green on standing, 
integument predominantly orange; Specimen No. 2, plasma green, 
integument predominantly brown with some blue. 


DISCUSSION 


An effort has been made in this study to obtain data upon the 
plasma chloride and total osmotic pressure of the blood of marine 
teleosts under their normal conditions of existence in the sea. It will 
now be profitable to examine the results, in an attempt to evaluate the 
degree to which this aim has been realized. Specimens of sculpin, 
daddy sculpin, flounder, and mackerel were all caught in shallow 
water, offered no resistance, and the interval between hooking and 
bleeding was exceedingly short. The mackerel is at all times a very 
fast swimmer, and when he is following the bait there is certainly no 
increase in activity which might be reflected in the blood. Under the 
circumstances, it is entirely reasonable to conclude that the data on 
these four species actually represent the normal values. Granting 
this conclusion, it is at once apparent that the plasma chloride level 
in sculpin, flounder, and mackerel shows an appreciable physiological 
range of variation, being in no sense rigidly controlled in all individuals 
of a given species. In mackerel there is also a considerable physio- 
logical variation in the delta, and there is no detectable correlation 
between the delta and the chloride concentration. 

Specimens caught in deep water present a particular problem in 
view of the possibility that, after the fish is hooked, the blood may 
undergo a significant alteration, as a result of struggling, excitement, 
impeded respiration or changes in hydrostatic pressure, in the relatively 
long trip to the surface. A marked release of gas from the blood is 


frequently observed, and the question arises as to whether one can 
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ever obtain for study a truly normal deep water fish. In an attempt to 
evaluate the degree of normality of our hook-and-line specimens of cod, 
pollack, conger, etc., certain facts are pertinent. (1) The specimens of 
cod, haddock, and pollack reported in Table I, belonging to the same 
family and all taken in the same fishing period, show, with the excep- 
tion of one cod (CIl—155.2 millimols), a remarkably constant chloride 
level (150.5—152.1 millimols). Although such constancy has not 
been observed elsewhere in the study, it is nevertheless quite improb- 
able that the blood could have been altered significantly in the hooking- 
bleeding interval and still give such consistent results. (2) Three 
fishes which had been living for a long period in one of the tanks at 
Plymouth yielded the following data: pollack, Cl 151.8 millimols, 
A — 0.643; conger No. 1, Cl 171.8 millimols, A — 0.760; conger No. 2, 
A — 0.743. These animals had not been molested and could hardly 
be considered abnormal, and the figures are entirely consistent with the 
data on hook-and-line specimens given in Table IV. (3) The variation 
in the plasma chloride level and delta in the hook-and-line specimens 
of pollack and conger is of the same order of magnitude as that ob- 
served in sculpin, flounder, and mackerel, in which any significant 
abnormality seems to be out of the question. It is obviously impossible 
to be sure that our data on chloride and delta in relatively deep water 
forms represent the normal, pre-hooking levels in the blood. On the 
other hand, in an attempt to obtain normal levels, hook-and-line 
specimens seemed to offer by far the best type of material. All things 
considered, it is my belief that the figures reported do not diverge 
significantly from the normal, and the subsequent discussion of these 
forms (cod, pollack, conger, etc.) is based upon the tentative accep- 
tance of this conclusion. 

In both conger and pollack, which have been rather extensively 
studied, it is apparent that both the plasma chloride and the delta 
show a quite appreciable physiological variation, and that in neither 
species is there any detectable correlation between the two. The 
strikingly close agreement of the chloride in six out of seven specimens 
of cod (Table I) is noteworthy, and has not been found in any other 
species in this study. It will be interesting to see whether a more 
extended investigation of this species will bear out the almost rigid 
constancy of chloride which is suggested by the data. One fact which 
is perhaps significant is that the specimens of cod were relatively 
small, while the pollack taken at Plymouth were almost uniformly very 
large. The few data on bream, wrasse, pout (Table IV) and haddock 
(Table I) are reported without further comment. 

In view of the variation in the plasma chloride from species to 
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species, it is of interest to group together, on the basis of average chlor- 
ide level, a number of the fishes which have been examined. This has 
been done in Table VI, in which only those species of which fairly 
adequate hook-and-line material has been available are printed in 
black-faced type. In the case of the few species from the Naples 
aquarium and of Orthagoriscus mola, which have been included, the 
possibility for deviation from the normal is presumably greater than 
for hook-and-line material. The ultimate decision with regard to 
these species must await further work. 

A question which naturally arises, in connection with the data in 
Table VI, is whether there is any possible correlation between the 
type of integument and the plasma chloride level. For the present it 
is impossible to make any definite statement on this matter, but there 


TABLE VI 
Average Plasma Chloride and Average A of Whole Blood 


Plasma chloride A of whole blood 


Species millimols/liter 
Gadus pollachius j phe: g une a — 0.671 
Melanogrammus eglefinus ' ore 
Scorpoena scrofa a beck atemnn aed 151.3 
Gadus callarias es a ..- 1518 
Pseudopleuronectes americanus sigan shane oo 
Trigla corax 8 ig ws .. SRS 
Sargus rondeletii oe ‘ sai ecla wate 
Scomber scombrus. li sa oon > ace —0.752 
Myoxocephalus octodecimspinosus ... 162.4 
Orthagoriscus mola ; Six cag aera ie 
Myoxocephalus scorpius .. 163.8 
Pagellus centrodontus a ile aan ee —0.795 
Conger vulgaris .... a SRN an acae racers . 172.6 —0.765 


is an indication that perhaps some fairly satisfactory correlation may 
eventually be forthcoming. Thus the first eight fishes (through 
Scomber scombrus) are all scaled, while four of the remaining five species 
are skin-fishes, with no scales whatsoever. In this latter group the 
exception is Pagellus centrodontus, which is entirely covered with fairly 
heavy scales.’ In view of the data on chloride and delta reported 
here, it seems that a reconsideration of the effective integumentary 
insulation of the marine teleosts might be highly profitable. 

A critical review of the extensive literature upon the measurement 
of osmotic pressure and the mechanisms by which it is regulated in the 
marine teleosts is definitely outside of the scope of this paper, and will 
not be attempted. One of the aims of this investigation has been to 


5 It is definitely stated in the Cambridge Natural History that in the marine 


Conger of the English coasts “‘scales are really absent.” 
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establish beyond question the fact that if one wishes to study osmotic 
pressure and chloride regulation in this group of fishes, one must ob- 
tain his material under ideal conditions. The consistently higher 
values, as compared with hook-and-line material, obtained on fishes 
caught with the long line and the net, or bled only after delay and 
handling, have adequately demonstrated this fact. These higher 
values likewise emphasize the possibility of serious error in studies of 
the relative tonicity of blood and urine. It is commonly stated that 
the urine of marine teleosts is isotonic or hypotonic to the blood (for 
discussion see Smith, 1932). Suppose that a fish has been caught on 
the long line, by net or by steam trawl, or that it has been subjected 
to rough handling after catching. By the time it is bled, the delta 
of the blood has become elevated considerably above the normal level. 
The bladder urine, on the other hand, would for the most part have 
been elaborated by the kidneys from the blood at its normal, signifi- 
cantly lower delta. As a result, the degree of hypotonicity indicated 
by the figures obtained would be markedly erroneous. The criticism 
that this source of error has been neglected can unquestionably be 
applied to many of the data upon this problem in the literature. 

Finally, it is interesting to speculate as to the mechanism by which 
the delta and plasma chloride become elevated in fishes taken on the 
long line. In view of the considerable degrees of blood concentration 
which have been demonstrated with muscular exercise in the higher 
animals, it seems entirely reasonable to believe that the activity 
involved in struggling on the hook is predominantly responsible for 
the observed rises in the fishes. This we accept as the most likely 
explanation. An alternative possibility is that with struggling there is 
an increased swallowing of sea water, and that increased absorption 
of the contained salts in the intestine is reflected in the higher chloride 
and delta of the blood. However, the relative rapidity of the upward 
shift in the blood seems to be against the acceptance of this latter 
mechanism. 

SUMMARY 


An effort has been made in this study to obtain data upon the 
plasma chloride and total osmotic pressure (delta) of the blood of 
marine teleosts under their normal conditions of existence in the sea. 
For this purpose hook-and-line specimens, bled immediately after 
catching, have been used as the best available material. Studies upon 
pollack, cod, sculpin, flounder, mackerel, and conger indicate an 
appreciable physiological range of variation in both chloride and delta, 
with no detectable correlation between the two in any given species. 
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The average plasma chloride for many species studied has been found 
to vary from 150.6 millimols (pollack) to 172.6 millimols (conger) per 
liter. Supplementary chloride data upon specimens removed from 
the Naples aquarium and upon Orthagoriscus mola (from a large tunny- 
net) are reported. 

It has further been demonstrated that both plasma chloride and 
delta are as a rule considerably elevated in fishes caught on a long 
line or by net, and in fishes bled only after a delay and rough handling. 
It is emphasized that this represents a serious source of error in studies 
upon normal osmotic pressure relationships and upon the relative 
tonicity of the body fluids in marine teleosts. 

Certain of the Labride have been found to contain in their plasma 
a blue or green pigment. 
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SALT REQUIREMENTS AND ORIENTATION OF LIGIA IN 
BERMUDA. III! 


T. CUNLIFFE BARNES 


(From the Osborn Zoélogical Laboratory, Yale University) 


In the first two papers of this series (Barnes, 1932, 1934) the 
longevity of the littoral isopod Ligia baudiniana in various salt 
solutions was described and it was shown that on land Ligia orients 
toward the sea by positive geotropism. The present report deals with 
further experiments on salt effects and with the ability of the animal 
in the sea to orient towards the shore. 


HABITS 


It was previously reported that no submerged specimens had been 
found, but during the past summer special attention was paid to very 
young specimens recently released from the brood pouch (Fig. 1) and 
occasionally these were found submerged under stones at high tide. 
The young are probably released in the sea or near the water line and 
are too small to migrate landwards with the older specimens as the 
tide advances although they readily leave the water. When kept in a 
bowl of sea water with a projecting stone, the very young individuals 
usually remain in the air at the water line, but unlike the fully grown 
specimens they occasionally remain under water for some hours. 

One female released the brood while in air over filter paper moist- 
ened with sea water, but all other “births’’ occurred in submerged 
specimens. With each vigorous swimming movement, four of five 
young are expelled. 

The tendency of the older animals to avoid entering the water is 
seen in their leaping from one stone to another. The isopod sways 
back and forth for a few seconds and then springs across the intervening 
water—the longest leap observed was 125 cm. 

Further observations were made on the functions of the isopods 
and their long spines. Besides serving as swimming fins, and to 
convey water to the gills by capillarity, they are equally effective in 
draining excess water from the body after the animal has been sub- 
merged. After submergence the animal lowers and spreads _ the 
uropods in a slow rhythm. The water is pressed out of the gill region 


1 Contribution from the Bermuda Biological Station for Research. 
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by bringing the gill plates close to the body and out again several 
times. The uropods are separated and brought together in a slow 
rhythm and lowered to the substratum. At times the last pair of 
legs are used to remove water film between uropods. If water is 
dropped on the head or back of an isopod it collects on the underside, 





Fic. 1. Young specimen of Ligia baudiniana immediately after release from 
the brood pouch. Note the similarity to the adult animal (cf. Barnes, 1932, Fig. 1), 
except for one missing thoracic segment. 


runs back to the gills, and is drained onto the ground by the lowered 
uropods and spines. 

It was previously shown (Barnes, 1934, Fig. 1) that Ligia can 
elevate its gills out of a shallow solution for aerial respiration when the 
gill beat is inhibited by potassium. The same reaction was observed 
in natural sea water in an aquarium. A specimen feeding at the 
water's edge continued “‘browsing’’ under water for a short distance 
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but elevated its abdomen out of the water so that the gills remained 
in air. 


ORIENTATION IN THE SEA 


It is very striking to watch the direct line to the shore followed by 
specimens placed in the sea within ten feet of the land. This is not 
an orientation to the general direction of the mainland for in tidal 
pools or cement enclosures the animal swims to the nearest massive 
solid structure projecting above water. 

A plate of glass was placed between the shore and the point of 
release of the animals in the sea but it had no effect on the direct 
shoreward migration. The isopods swam frantically against the glass. 

If an isopod is placed in a round flask of sea water immersed in the 
sea it still attempts to swim in the direction of the shore. Regardless 
of the position of the flask the animal points to the land and its 
maintenance of direction resembles that of a compass needle. If the 
flask is placed in a large box open on one side, the swimming move- 
ments are directed away from the direction of the light. 

From the above experiments it appeared that the animals were 
reaching away from the light in their landward orientation. It was 
thought that a large mirror, 3 x 4 ft., immersed in the sea between 
the land and the point where the isopods were placed, would prevent 
the direct landward orientation. It was found that under these 
conditions the animals swam diagonally to shore, arriving at two 
points on each side of the mirror. An occasional specimen swam out 
to sea. The mirror experiment was repeated under several conditions 
with the sun in various directions. It appears that the animal when 
immersed near the shore is negatively phototropic to the diffuse light 
in the seaward direction. 


REACTION TO Drops oF SALT SOLUTIONS 


As pointed out above, when a drop of sea water is placed on the 
head of Ligia it flows under the body to the gills and is drained off 
by lowering the uropods and spines. The uropods and, to a less 
extent, the body are moved rapidly from side to side to facilitate the 
movement of the water. If a drop of 5/8 M NaCl is placed on the 
head a similar reaction occurs but more slowly and without the side 
to side movement. It required four drops of CaCl. to elicit the 
response. It is difficult to obtain the reflex with 5/8 M KCl. The 
isopod moves back suddenly and may eliminate the drop by lowering 
the head. A drop of MgSO, also causes Ligia to move back quickly 
but the uropodal reflex may be elicited after three drops. 
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REACTION TO FILTER PAPER SATURATED WITH SALT SOLUTIONS 


The specimens used in the tests described in this paper were caught 
under stones at low tide in the intertidal zone on Long Bird Island. 
Large filter papers (diameter 25 cm.) were cut in two, each half satu- 
rated with a different solution, drained, and placed in a flat glass 
vessel in a dark room having a light exactly over the center of the dish. 
Five adult isopods were washed in distilled water (as in all the experi- 
ments), allowed to drain themselves on filter paper and placed in the 
dish. The distribution of the five specimens on the two halves of 
filter paper was observed every 10 or 30 minutes for 1 to 3-hour 
intervals. The vessel was rotated 45°, 90°, or 180° between many of 
the trials to eliminate an unsuspected influence on orientation. In 
Table I the ratio of the number of individuals on each half of the 


TABLE I 


Reaction to Filter Paper Saturated with Salt Solutions 
(each trial involved five animals) 














Ratio of num- Number | Number of 
Treatment of each half of filter paper ber of isopods of specimens 
} on each half trials tested 

Distilled water vs. dry paper Pusan were 0:10 | 2 5 
Distilled water vs. sea water 5 ag ; | 9:1 4 10 
Sea water vs. 4/5 M NaCl.. died aan 3 5 
Sea water vs. 5/8 M KCl ; rere ie |} 12 15 
Distilled water vs. 5/8 M KCI Kenacehaue ae 18 20 
5/8 M NaCl vs. 5/8 M KCl.... Pua sais 2 ':2 13 20 
Sea water vs. 5/8 M CaCl» eae ae 22% 2 5 
Sea water vs. 5/8 M MgSO, eee 4 5 
Distilled water vs. 5/8 M NH,Cl 2:1 3 5 
Distilled water vs. 5/8 M LiCl S31 4 10 


filter paper is given. In some cases the same isopods were tested 
several times, which is indicated in the last column in Table I giving 
the number of specimens tested. Under the conditions of the experi- 
ment the animals avoided filter paper wet with distilled water for dry 
filter paper but collected on filter paper wet with distilled water when 
the other half was wet with sea water. As will be seen in the table, 
the animals were found mostly on the sea water or distilled water 
half of the filter paper when the other half contained a single salt, 
KCl, NaCl, CaCle, NH,Cl and LiCl, all M 5/8. It is of interest to 
note that there was a tendency to collect on KCI paper when the other 
half contained NaCl in spite of the fact that KCl is the most toxic 
and NaCl the least toxic of the common salts in sea water. It was 
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observed that the animals on the KCI showed signs of partial paralysis 
of the legs and the first pair where held up off the paper. On the other 
hand, they moved more rapidly on the NaCl paper. 


LONGEVITY OF LIGIA ON FILTER PAPER 
SATURATED WITH SALT SOLUTIONS 
Since Ligia is very seldom immersed in sea water under natural 
conditions, the longevity of the animals was determined in finger bowls 
containing filter paper saturated in various salt solutions. As will be 
seen in Table II, the animals live for long periods in air on filter paper 














TABLE II 
Longevity of Ligia on Filter Paper Saturated with Salt Solutions 
Solutions on Average Maximum Number of 
filter paper longevity longevity specimens 
| hours hours 
Distilled water.......... ne 151.2 216 9 
ee io ale pate tbo 240.0 360 15 
Artificial sea water... . dee 218.4 312 20 
100 parts 5/8 M NaCl, 2.5 parts 5/8 CaCl» 168.0 240 
100 parts 5/8 M NaCl, 2.5 parts 5/8 
I oa rine i ee eas 121.4 192 16 
100 parts 5/8 M NaCl, 2.5 parts 5/8 
Nice oaarcor ene Pate Arar wk 112.8 168 14 
- S )” > ee eee re al 72.0 120 8 
5/8 M CaCk..... sete cer ecseeeeenenel 41.1 60 8 
SS MNHAI.......... Abseee cee 36.0 72 10 
EE 6.0 ceiscalenceeees 30.0 50 8 
Sie MM RAd........ ee 30.0 58 14 
Se RE ase eeee'es Bb Rees 3.5 6.5 10 











soaked in distilled water, in sea water, and in artificial sea water. 
The average longevity of 240 hours in air over filter paper moistened 
with sea water approaches the average length of life of 375 hours in 
air over sand moistened with sea water. 

The order of toxicity of 5/8 M single salts on filter paper is Li > K, 
Mg > NH, > Ca > Na, similar to the toxicity series for immersion 
in these solutions. On filter paper saturated with a mixture of 2.5 cc. 
of a 5/8 M solution of a given salt and 100 cc. of 5/8 M NaCl the 
toxicity series is K > Mg > Ca. 

The filter paper experiments afforded conditions not unlike those 
provided by confining an isopod in a dry bowl containing a watch 
glass of salt solution. The position of NH,Cl and MgCl. were de- 
termined in the toxicity series under these conditions. With access 
to NH,Cl, 10 specimens lived an average of 3 hours with a maximum 
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of 7 hours and 16 specimens with access to MgCl, lived an average 
of 18 hours and a maximum of 38 hours, thus making the toxicity 
series NH, > K > Mg > Ca > Na for the watch glass series. 


LONGEVITY OF LIGIA IMMERSED IN SOLUTIONS OF SINGLE SALTS 


The position of NH, and Li in the toxicity series was determined 
in view of their physiological similarity to K and Na respectively. 
In 5/8 M NH,CI ten specimens tested separately in finger bowls con- 
taining 100 cc. of solution lived an average of 27 minutes with a 
maximum of 35 minutes. Like KCl, NH,Cl paralyzed the beating 
of the gills. The LiCl had to be used sparingly in smaller vessels 
containing only 30 cc. of solution. For comparison with the other 
salts it was necessary to repeat all the salt effect tests in 30 cc. samples. 
It will be seen from Table III that the toxicity series for these salts 


TABLE III 
Longevity of Ligia in 30-cc. Samples of Single Salt Solutions 


Medium Average Maximum Number of 
longevity longevity specimens 
Distilled water Ke iad 3 hours 
Sea water...... ee aa” 30 
5/8 M NaCl... — 10 
5/8 M CaCl, eae og " 3 
5/8 M MgSOy....................| 1.4“ 2 
5/8 M KCl.... ajeatadew uk k ich Gaal = 7. 
J) (3) > es 42 minutes 60 minutes 
5/8 M NH,Cl | 2 . 30 - 


_ 


_— 


5 
0 
5 
5 
7 
5 
0 
5 





in 5/8 M concentration is NH, > Li > K > Mg > Ca>Na. The 
shorter life of isopods in 30 cc. samples compared to 100 cc. samples 
is probably a result of the depletion of oxygen. This factor is probably 
not important in the case of 100 cc. of solution in a shallow finger 
bowl, as is indicated by the longevity of specimens in 100 cc. samples 
which were bubbled with air. The length of life in the aerated 
solutions (Table IV) is the same as previously determined in unaerated 
solutions of 100 cc. volume. 

The position of NH, Cl and LiCl was also determined in the toxicity 
series for dilute solutions of single salts containing 2.5 cc. of 5/8 M 
concentration in 100 cc. of distilled water which is near the concen- 
tration of K and Ca in sea water. In 2.5 cc. of 5/8 M NH,CI in 
100 cc. of H:O 10 specimens lived an average of 1.3 hours with a 
maximum of 2 hours; in the same concentration of LiCl the average 
longevity of 10 specimens was 2.4 hours with a maximum of 2.5 hours. 
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TABLE IV 
cangnty . Ligia in 100 cc. of Solutions Bubbled Cinna with Air 


Number of 


Medium Average Maximum 
specimens 


longevity longevity 





hours 


i}: 
. | 
| 
ia 


Distilled water... . 
25% sea water...... 
2 » > eee 
5/8 M CaCl, ocenee e° er 
I I, sees 6 sckwwearmae ee -| 
| 
| 


TS 
| 
4 14 


10 
7 


5/8 M KCl 


The toxicity series of salts in this weak concentration may be written 


NH,CI > LiCl > NaCl > KCl > CaCl. 
30 


20 30 


Fic. 2. Length of life of Ligia in 100 cc. 5/8 M NaCl* 11.6 cc. 5/8 M MgSO, 
with increasing amounts of KCI. Ordinates, life in hours. Abscisse, cc. of 5/8 
M KCI added to 100 cc. 5/8 M NaCl. Each point is the average of 2—4 tests. 


EXPERIMENTS WITH SALT MIXTURES 


Since the degree of toxicity of the chief cations in sea water is 
not the same, it is of interest to determine if the normal concentration 
of a given salt in sea water is near its threshold concentration for 
shortening the life of immersed specimens. However, individuals 
vary to a great extent in their survival times in sea water and we have 
not yet completed a sufficient number of experiments. The rapidly 
increasing toxicity of artificial sea water without Ca in which the KCI 
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content is progressively increased may be seen in Fig. 2. When the 
normal K content is increased fourfold, a marked curtailment of the 
length of life is obtained and when the K content is increased tenfold 
the average survival time is only one hour. A somewhat similar 
curve was obtained for artificial sea water containing Ca but in this 
case some of the animals live as long as 90 days in the solutions con- 
taining less than the normal amount of K, which renders the variation 
in longevity so great that more tests will have to be run. However, 
in the artificial sea water containing Ca, toxic effects appear if the K 
content is four times that of normal sea water and paralysis of the 
gill beats occurs when the K content is increased to 17 times the 
normal amount (i.e., 37.4 cc. 5/8 M KCl, 100 cc. 5/8 M NaCl and 
2.5 cc. 5/8 M CaCl). In binary solutions of NaCl and KCI the gill 
paralysis appears when the K content is only ten times the normal 
value. 
TABLE V 
Longevity of Young Ligia* in Salt Solutions 





_ ‘ 
Average | May 1 Number of 
Medium Average faximum r 
| 





longevity longevity | specimens 
Distilled water. ; 2 hours 3 hours 15 
25% sea water : a -_ 16 
ore Be eet... ...-.. 4.5 8 16 
5/8 M CaCl, os | 1 - Oy 55 
5/8 M MgSO, a ; en aa - | 7 
 . | + 5 ; 25 minutes | 25 minutes | 18 


* These animals were tested immediately after their release from the brood 
pouch, 


LONGEVITY OF YOUNG SPECIMENS IN SALT SOLUTIONS 

Young specimens were tested in salt solutions immediately after 
their release from the brood pouch. The young are about 2.5 mm. 
in length and have only six thoracic segments (Fig. 1). According 
to Calman (1909, p. 213), the young of all Isopoda have the last pair 
of thoracic limbs undeveloped. As will be seen in Table V, the toxicity 
series for the chief cations in sea water is the same as that found with 
adult specimens but the survival times are shorter. The tests were 
made under the microscope in watch glasses, each containing three 
individuals. 

DISCUSSION 


The finding of specimens recently released from the brood pouch, 
totally submerged in the sea, supports the view that Ligia begins its 
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life history under water, as is indicated by the large number of ‘‘ births”’ 
that occurred in sea water or other salt solutions during the experi- 
ments. However, the toxicity series for the chief cations in sea water 
is the same for young and mature specimens. 

Although it is impossible to state what factors are responsible for 
the evolution of this marine form into a littoral species, it appears 
from the orientation studies that the animals are confined to the shore 
zone by positive geotropism from the land and by a negative reaction 
to the greater diffuse light from the open ocean when immersed near 
the shore. It is perhaps significant that the isopods react more 
favorably to filter paper saturated with distilled water than to filter 
paper saturated with sea water. However, when kept for long periods 
on filter paper saturated with various solutions, the animals live 
longest on paper wet with sea water. 

Numanoi (1934) finds that Ligia exotica cannot regulate the 
evaporation of water from the body and therefore can live only in the 
vicinity of water. 

It is significant that the toxicity series K > Mg > Ca > Na for 
5/8 M solutions previously determined for immersed specimens and 
for individuals having access to watch glasses of solutions was obtained 
for animals kept on filter paper saturated with salt solution. These 
experiments demonstrate the specific toxicity of each salt apart from 
permeability or osmotic effects, and afford more natural conditions 
than the immersion tests. Heilbrunn (1928) emphasizes the necessity 
of allowing for valency differences when using NaCl and CaCl: solu- 
tions, but the specific chemical effects of 5/8 M solutions of the chief 
cations in sea water on Ligia are much more marked than the effects 
of slight osmotic changes and, moreover, there were obviously no 
osmotic effects in the filter paper experiments. 

The paralyzing action of NH,Cl on the gill beat affords a new 
instance of the physiological similarity of NH, and K and supports 
the hypothesis that the biological effects of ions are in part determined 
by their mobility. The ions K and NH, have high mobilities (65.3 
and 64.2) because of their small shell of water molecules (cf. Maass 
and Steacie, 1931, p. 220). Wells (1928) has pointed out the similar 
effects of NH, and K on the muscles of invertebrates. Potassium has 
a specific toxic action, apart from the paralysis of the gills, for in 
artificial samples of sea water in which it is increased, the shortening 
of the average longevity of the animals occurs at potassium concen- 
trations only four times that of natural sea water but the gills are not 
inhibited until the potassium content is increased about twenty times. 
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It is interesting to note that the potassium content of sea water is not 
far from the threshold for definite toxic effects. 


SUMMARY 


1. In the sea Ligia orients toward the shore. The greater diffuse 
light from the open ocean appears to be the most important factor. 

2. Young specimens recently released from the brood pouch were 
found in the sea. 

3. When kept on filter paper moistened with salt solutions Ligia 
shows the same toxicity series as when immersed in solutions or kept 
in air with access to the solutions. 

4. NH,CIl, like KCl, exerts a specific paralyzing effect on the gill 
movements. 

5. Increasing the potassium content of artificial sea water fourfold 
or more has a marked effect in shortening the life of immersed animals. 


It is a pleasure to express my gratitude to Dr. J. F. G. Wheeler, 
who placed the facilities of the Bermuda Station at my disposal. 
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STUDIES ON THE SECONDARY SEXUAL CHARACTERS OF 
CRAYFISHES: X. THE ANNULUS VENTRALIS IN 
TRUE INTERSEXES OF CAMBARUS 


C. L. TURNER 


(From the Zoélogical Laboratory, Northwestern University) 


The external secondary, sexual characters in the genus Cambarus 
are so constant in structure and position that they are used extensively 
for sub-genus and species diagnosis. Some variation has been found 
in structure, number, and position of these characters, however, in 
many instances characters of one sex being found on members of the 
opposite sex. Such variations occur principally in copulatory hooks, 
oviducal pores, first and second abdominal appendages and, to a 
lesser extent, in the male genital pores. Variations in the annulus 
ventralis are extremely rare, records of only four cases being found in 
the literature. Two additional specimens were recently collected by 
E. P. Creaser on June 29, 1932. Both specimens were found in one 
locality, the Huron River, five miles southwest of Dexter, Michigan. 
These latter two are the only ones seen by the writer in examining 
more than 75,000 females of the genus Cambarus. 


DESCRIPTION OF SPECIMENS 

Specimen No. 1 is 42 mm. in length. The following external fea- 
tures are those of a male: 1. First abdominal appendages are male-like 
but are somewhat shorter and more slender in the basal half than in 
the normal male. 2. Second abdominal appendages are specifically 
modified like those of a male but shorter. 3. Normal genital pores of 
male are at the base of the fifth leg. 

The specimen has the following external secondary sex characters 
of a female: 1. No copulatory hooks are present on the third legs. 
2. An oviducal pore occurs on the left third leg, but it is not perforated 
and is not surrounded by hairs. 3. An annulus ventralis is present, 
but the lateral walls have not formed so that the anterior and posterior 
walls are separable and movable. Three pencils of stiff hairs are 
present upon the low, partially formed posterior wall. In the normal 
annulus the posterior wall is smooth but bristles are present in this 
region in the normal male. 

The internal reproductive organs are those of a normal male with 
269 
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the addition of some scattered patches of ovarian tissue (Fig. 1). The 
gonad and vas deferens were examined by sectioning and they proved 
to be normal in every respect. A four-lobed ovarian mass was located 
dorsal to the isthmus of the testis and two other isolated patches ap- 
peared, one adhering to the ventral surface of the heart to the left 
and anterior to the main mass of the ovary, and a second to the right 





Fic. 1. Reproductive organs of Specimen No. 1. 


Ov. Ovary 
z; Testis 
V. D. Vas deferens 


Fic. 2. Annulus ventralis of normal female of Cambarus propinguus. 
Fic. 3. Partially formed annulus ventralis of Specimens No. 1 and No. 2. 


and posterior to the main mass. All the masses were identified as 
ovarian tissue by sectioning. 

Specimen No. 2 is 46 mm. in length. It is identical with Specimen 
1 except in the following regards: 1. There is no oviducal pore on either 
third leg. 2. The second abdominal appendages are somewhat better 
developed. 3. The internal ovarian patches are smaller and more 
scattered. 
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DISCUSSION 


Since variations in the annulus ventralis are so rare, it is thought 
best to bring together all the described cases including the two new 
ones presented in this paper. Table I presents the information in a 
form that will readily permit comparison of the different features in the 
different specimens. 

Six specimens is a very small number upon which to base generaliza- 
tions, but to one who is acquainted with the vagaries of unusual 
secondary sex characters, some facts appear which are unique and are 
believed to be significant. 

The case of the specimen of C. spinosus is not held to be particularly 
unusual and should probably be classified with those instances in 
which a normally functioning female has developed first and second 
abdominal appendages of the male. At least 25 female specimens have 
been described in which one or both of the first two abdominal ap- 
pendages are male-like. The slightly flattened annulus ventralis is 
characteristic of all females after they have been freed from their young 
and have moulted the winter shell. The annulus of this specimen is 
probably a little lower than usual for that reason. 

In the other 5 specimens it should be noted that the presence of 
the partially developed annulus is accompanied by a teratological 
hermaphroditism in at least two of the cases. In the specimen de- 
scribed by Hay the preservation was so poor that nothing could be 
determined and the two described by Ortmann were not dissected. 
The two specimens are undoubtedly true intersexes. The terms 
‘“‘hermaphrodite’”’ and “‘intersex’’ have been used repeatedly to de- 
scribe specimens of Cambarus in which secondary sex characters of one 
sex are found upon the opposite sex, but in only one other specimen 
(C. affinis described by Hay) has it been demonstrated that both 
ovarian and testicular tissue were present. The impression is created, 
therefore, that the partially developed annulus ventralis is associated 
with a true intersex condition. 

A second significant fact is that all five of the specimens have the 
partial development of some secondary sex characters of both sexes but 
not one has a complete complement of either male or female secondary 
sex characters. With the exception of these cases, the many specimens 
with aberrant secondary sex characters that have been examined by 
the writer have always had a full complement of secondary sex char- 
acters of one sex. The peculiarities of the secondary sex characters 
have consisted of the addition to this complete complement of one 
sex of one or more characters of the opposite sex. Copulatory hooks 
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are always present in males and oviducal pores always occur in females. 
In a great many instances copulatory hooks occur upon females and 
occasionally oviducal pores are found in males, but in no other instances 
except these five has there been found the partial or complete lack of 
both oviducal pores and copulatory hooks. A normal annulus ventralis 


is always present in functional females of Cambarus and as far as the 
writer is aware no case has ever been recorded of the occurrence of an 
annulus ventralis in a normal functional male. The occurrence of the 
partially developed annulus ventralis and the lack of copulatory hooks 
and of oviducal pores in these five cases would therefore support the 
point of view that neither sex had been fully determined but rather 
that an intersex condition existed. 

It might be postulated upon the evidence offered in these cases 
that an antagonistic hormonal mechanism exists here, a hormone from 
the testis inhibiting a full development of female secondary sex char- 
acters and a hormone from the ovary preventing the normal growth 
and differentiation of the male sex character. However, such a 
mechanism would not be consistent with that governing those cases 
in which secondary sex characters of one sex are found upon normally 
functioning animals of the other sex. Oviducal pores are sometimes 
fully developed in normal males where the postulated antagonistic 
hormone of the testis should be most effective. Copulatory hooks are 
frequently found in fully functioning females and, to a lesser extent, 
male abdominal appendages as well. If the ovary produced an an- 
tagonistic hormone, the development of these male structures in the 
female should have been inhibited. An alternate point of view to that 
of an hormonal relation existing between gonad and secondary sex char- 
acters would be the theory that the secondary sex characters are con- 
trolled only by genetical factors. In these five cases a rather close re- 
lationship would be indicated between the factors for sex and those 
governing the secondary sex characters, especially in the case of the 
annulus ventralis. 
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INDIRECT EFFECTS OF RADIATION ON SEA 


URCHIN EGGS! 





L. V. HEILBRUNN AND R. A. YOUNG 


(From the University of Pennsylvania and the Marine Biological Laboratory, Woods Hole, 
Mass.) 


Students of the effects of radiation have now and again sought to 
explain their findings in terms of humoral physiology. The best known 
authority in the field is Caspari (cf. Caspari, 1926), and he has intro- 
duced the term ‘“‘necrohormones”’ into the literature. Caspari believes 
that certain cells are more sensitive to radiation than others, and that 
these more sensitive cells when radiated produce necrohormones which 
affect other cells remote from them. Unfortunately, however, Caspari 
has offered very little in the way of clear-cut direct evidence in favor 
of necrohormones, and many radiologists are inclined to doubt their 
existence. Thus, in the treatment of tumors, although some authors 
(Kok, 1924; Regaud, 1924; Waterman and de Kromme, 1927; de 
Guide, 1933) believe that radiation may have important indirect 
effects, others (Wood, 1925; Jolly, 1924; Lacassagne, 1928; etc.) insist 
that all the therapeutic action of radiation is due to a direct effect 
on the cells involved. It is obvious that the solution of the problem 
may have practical clinical significance. As yet, however, radiologists 
have not brought forward much in the way of convincing experimental 
evidence. This is in part due to the difficulty of working with the 
complicated organs or tissues of higher animals, in part also to the 
difficulty of evaluating quantitatively the effects of radiation on cells. 

Sea urchin eggs are very favorable material for the study of roentgen 
ray effects. They have been used by Mavor and de Forest (1924), 
H. and M. Langendorff (1931), and especially by Henshaw (1932). 
If eggs are irradiated and then inseminated, there is a delay in develop- 
ment. By noting the time of first cleavage, Henshaw was able to 
study this delay quantitatively. 

The original plan of our experiment was to study the effect of 
roentgen rays on concentrated and dilute suspensions of eggs. Our 
primary concern was not in the clinical aspects of the problem, but 
we were interested in discovering the possible presence of so-called 
necrohormones produced as a result of the radiation. It was thought 


' Aided by a grant from the Committee on Radiation of the National Research 
Council. 
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that the irradiation of the more concentrated suspensions might cause 
a greater delay in cleavage time than similar treatment of dilute 
suspensions. A few experiments of this sort were tried, but the 
differences between the two types of suspensions were not very striking. 
It was then found that if ovarian tissue was irradiated with eggs, a 
greater effect was produced than in controls in which the eggs were 
irradiated alone. 

The work was done at the Woods Hole Marine Biological Labora- 
tory during the summer of 1934. The Laboratory roentgen equipment 
was the same as that used by Henshaw, a Coolidge, tungsten target, 
air-cooled tube. The rays were not filtered (except by cellophane; 
see below). The apparatus was in charge of Mr. M. Sander. The 
tube was maintained at 125 kv. and 5 ma. and the measured intensity 
was found to be 850 r.p.m., when the eggs were 19 cm. from the target. 

The general plan of the experiment was very simple. Two (or in 
some cases three) vials were placed under the roentgen tube. These 
vials were approximately an inch in diameter and they were cut down 
to a height of approximately an inch and a quarter. One or more 
ovaries of the sea urchin, Arbacia punctulata, were placed in one vial. 
The eggs oozed out of the ovary to form a concentrated suspension. 
To this a small amount of sea water was added. A second vial served 
as acontrol. It contained either a dilute or concentrated suspension 
of Arbacia eggs, but in this case no ovarial tissue. In order to prevent 
evaporation, the vials were covered with cellophane. As soon as 
exposure to the radiation was completed, the eggs from both vials were 
washed free of blood and they were then inseminated. Between the 
end of the exposure period and insemination about 3-5 minutes 
elapsed. The time intervening between insemination and first cleav- 
age, that is to say the cleavage time, was determined by noting the 
moment when 50 per cent of the eggs showed the beginning of a 
cleavage plane. This was compared with the cleavage time for control 
non-irradiated eggs, and the difference was taken as the delay due to 
irradiation. In determining the cleavage time for non-irradiated eggs, 
two lots were used. In one of these lots, the eggs had been in a dish 
with ovarial tissue in the same manner and for the same length of 
time as those eggs irradiated in the presence of ovary. The second 
lot consisted of eggs alone. Before insemination the eggs were washed 
free of blood. Actually there was little difference in cleavage time 
between eggs which had been in the presence of ovarian tissue and 
those which had not, but in every case the delay caused by irradiation 
was calculated by comparison with control eggs treated in identical 
manner except for the irradiation. 
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Table I shows the results of the experiment. The first column 
gives the dose in r units, the second column shows the delay in cleavage 
time of eggs irradiated in the presence of ovary. Columns 3 and 4 
show delays obtained with dilute and with concentrated suspensions 
irradiated in the absence of ovary. In every case, a markedly greater 
delay is obtained when ovary is present. The differences are certainly 
significant and are all in the same direction. In view of the fact that 
the experiments were run at different room temperatures, and that, 
moreover, various lots of eggs may differ in their behavior, comparisons 














TABLE I 
Delay in minutes 
Dose in 
r units 
Eggs + ovary Dilute suspension Concentrated suspension 

17,000 35 20 

17,000 55 28 

17,000 39 13 

25,500 81 17 

25,500 46 18 

25,500 32 15 

25,500 42 33 

25,500 40 24 

25,500 45 32 

25,500 35 12 
25,500 45 28 
25,500 36 29 
25,500 28 22 
25,500 27 | 19 
25,500 18 10 
51,000 110 25 

51,000 70 25 

51,000 oF 46 51 
51,000 76 26 40 
51,000 46 37 


should only be made across the table, that is to say, for the same lot 
of eggs in each case. 

Table I shows clearly that when the eggs are irradiated along with 
ovarian tissue, more pronounced effects are produced than when no 
ovary is present. Apparently, therefore, irradiated ovarian tissue 
produces substances which affect the egg cells. It might be thought 
that other organs or tissues of the sea urchin would also give off 
substances when irradiated and that these substances would act in 
the same manner as those produced from ovaries. Experiments were 
tried with blood (ccelomic fluid) and with the digestive tract. In 
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these experiments, eggs in contact with blood or digestive tract were 
irradiated and the effects of the irradiation compared with the effects 
of similar doses on control eggs in the absence of other tissue. The 
blood was not found to have any definite action, and the digestive 
tract either had no significant effect or perhaps an effect in the opposite 
direction from that exerted by the substances from ovarian tissue. 
Thus in one experiment eggs irradiated in the presence of stomach and 
intestine segmented before those irradiated alone. The only conclu- 
sion that can be drawn from these very scanty observations is that 
under the conditions of the experiment neither blood nor alimentary 
tract produced substances capable of increasing the delay produced by 
irradiation of the eggs alone. 

That other organs of the sea urchin do not share the action of the 
ovaries in increasing the roentgen ray effect is indicated (though not 
proven) by the results obtained from irradiating entire sea urchins. 
Table II summarizes the data from these experiments and compares 


TABLE II 
Delay in Cleavage Time under Different Conditions of Irradiation 
Dose in Delay in minutes 
r units (average of 12 experiments) 
SN os ncn cede nae bere une 25,500 39.6 
le rE ond a ach a heuaena al 25,500 21.6 
REID. 65 ois ccc dec acwe 27,700 27.4 


them with the figures already given for eggs alone and for eggs plus 
ovary. In the experiments on whole sea urchins, the animals were 
irradiated intact, then at the end of the exposure the eggs were cut 
out and inseminated. Normal control eggs had to be obtained from 
another female. Owing to variation between eggs from different 
females, this introduces a source of error. Delay in cleavage time 
was obtained by comparison of eggs from irradiated animals and 
normal control eggs. 

The experiments with entire sea urchins cannot be certainly 
interpreted as indicating the lack of effect of organs other than ovaries. 
It is to be noted that the irradiation of entire sea urchins has less 
effect in delaying cleavage than the irradiation of eggs in the presence 
of ovaries. However, when the entire animal is irradiated, the 
calcareous shell doubtless shields the eggs to some extent. The 
effect of this shell could be quantitatively estimated by direct experi- 
mentation, but this was not attempted. 

The experiments on irradiation of eggs in the presence of ovary 
indicate that ovarian cells when exposed to roentgen rays produce a 


substance or substances which act on the eggs. More convincing 
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proof of the presence of such necrohormone-like substances might be 
obtained from the study of the effect on eggs of sea water which had 
been in contact with irradiated ovaries. It might indeed be possible 
to isolate the necrohormone in a relatively pure state. Experiments 
in this direction are planned for the immediate future. 


SUMMARY 


When sea urchin eggs are exposed to roentgen rays in the presence 
of ovarian tissue, the effect of the radiation is more pronounced than 
when the eggs alone are irradiated. 
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INDIRECT EFFECTS OF RADIATION ON ELODEA LEAVES ! 


L. V. HEILBRUNN AND KATHRYN DAUGHERTY 


UNIVERSITY OF PENNSYLVANIA 


In spite of the large literature on the action of radiation on living 
material, the indirect effects of radiation are but little known. Radi- 
ologists and clinicians, interested in the practical use of rays as curative 
agents, have argued back and forth as to whether or not radiation 
can act indirectly, and as to how such action if it occurs at all does 
take place. Some authors have insisted on the existence of so-called 
necrohormones, which are supposedly produced by certain irradiated 
cells and then act on other cells more or less distant from them. 
Unfortunately there is very little experimental evidence which is at 
all reliable. For references to some of the literature, see Heilbrunn 
and Young, 1935. The older papers deal mostly with opinions or 
with experiments on very complicated systems such as are found in 
higher animals. There is a need for accurate studies on relatively 
simple types of living matter. 

Plant material has certain advantages. It is readily available, 
and the individual cells are often easy to observe. The leaf of the 
common water plant Elodea is sensitive to radiation (Nadson and 
Rochline-Gleichgerwicht, 1928), and the effects are readily visible 
and easily studied. If one exposes half of a leaf, is there any effect 
observable on the unexposed portion? 

We used Elodea canadensis. The leaves were subjected to the rays 
of a Cooper Hewitt lamp of the Uviarc type. We were fortunate to 
be able to secure such a lamp from the General Electric Company, to 
whom our thanks are due. The leaves were placed at a distance of 
17-19 cm. from the arc. 

In view of the fact that we were not primarily interested in the 
effect of varying wave lengths or varying intensities, we used the 
unfiltered radiation and made no attempt to calibrate the intensity. 
Care was taken to exclude heat effects. This was done by the use of 
two electric fans. 

In general, when streaming plant protoplasm is irradiated either 
with ultraviolet radiation, roentgen rays, or radium, small doses 

1 Aided by a grant from the Committee on Radiation of the National Research 
Council. 
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cause an increase in the rate of protoplasmic streaming, whereas larger 
doses cause decrease in the rate of streaming and eventual stoppage. 
In the case of Elodea, the cells then become filled with calcium oxalate 
crystals. The doses we used were in most cases large enough to slow 
or stop movement in the part of the leaf exposed directly, and in all 
exposures of a minute or more, oxalate crystals formed in the vacuoles 
of the cells. 

Leaves were cut off an hour or more before they were used in the 
experiments. A single leaf was then placed on a slide, one half of it 
was covered with a coverslip and every effort was made to secure the 
coverslip in such a way that it could not shift position during the 
experiment. Various devices were tried. The best method was to 
secure the free end of the leaf by wedging it against a trapezoidal 
piece of thin celluloid with one side cut to fit approximately the shape 
of the leaf. This in turn was held in place by a strip of thick celluloid 
cut to the size of the slide, and with a window which was cut to allow 
space for the coverslip and the trapezoidal piece of celluloid. This 
thick celluloid strip was then tied over the glass slide with thread. 
Once in place it held both coverslip and leaf firmly in position. This 
could be checked by noting the position of the boundary of the cover- 
slip with reference to definite cells in the leaf. 

In general the tip end of the leaf was covered with the coverslip, 
but in some cases the cut basal end was covered and the tip exposed. 
The experimental results were essentially the same in either case. 
During exposure to the radiation, care had to be taken to prevent 
evaporation of the water surrounding the leaves. This was done by 
adding water distilled from a fused silica (Kendall) still. Such water 
in itself has little or no effect on the rate of streaming. Moreover, 
the distilled water was added both to the experimental leaf and the 
control. 

Following exposure to ultraviolet rays, the leaves half covered 
with glass were placed under a microscope and observed. For all but 
the briefest exposures, the cells in the exposed half of the leaf, that is 
to say the part of the leaf outside of the coverslip, showed complete 
cessation of protoplasmic streaming. These cells were full of crystals 
which appeared to be calcium oxalate. In the glass-covered half of 
the leaf, at least in those cells near the exposed portion, protoplasmic 
streaming was more rapid than normal.. In order to make certain of 
this point, many determinations of the rate of streaming were made. 
The rate of protoplasmic streaming varies from cell to cell. In order 
to be certain of a representative value, at least fifty cells were timed 
and the average of these cells was recorded. The cells measured were 
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those adjacent to the uncovered half of the leaf, but only those cells 
completely under the coverslip were observed. The boundary of the 
coverslip passes over a series of cells which are partly under and 
partly outside of the cover. The cells directly adjacent to these 
boundary cells were the cells observed. Thus, on the average, they 
were at a distance of half the length of a cell from the border of the 
coverslip. 

Although the determination of the rate of protoplasmic streaming 
of the cells was begun immediately after exposure to the radiation was 
completed, the measurement of so many cells required approximately 
twenty minutes. A second series of measurements was begun one 
hour after the end of the exposure. 

The results are shown in Table I. In every case the cells at a 
little distance from those exposed to ultraviolet show a marked effect 
—the streaming is decidedly more rapid. Thus when half of an 
Elodea \eaf is exposed to the ultraviolet rays for 5 minutes, cells in 
the unexposed part of the leaf may show an increase in rate of streaming 
of over 100 per cent. An effect on these cells under the coverslip 
can be noted even after exposures of only 5seconds. That this increase 
in rate of streaming is not due to a direct effect of rays of longer wave 
length which pass through the coverslip is indicated by the controls 
in which the whole leaf was covered. In these controls, there is often 
(though not always) an increase in the rate of streaming, but these 
increases in the control leaves never really approach those of the 
experimental leaves. It is true that two of the control leaves showed 
an exceptionally large increase in rate of streaming. This was due to 
an increase in room temperatures. In these two cases, the experi- 
mental leaves studied at approximately the same time as the controls 
showed a decidedly greater increase in rate of streaming. So that, 
on the whole, all of the results are thoroughly consistent and they all 
indicate a marked indirect effect of the radiation. 

In the longer exposures of 15 or 20 minutes there is evidence that 
the indirect action of radiation may cause not only an increase in the 
rate of streaming, but also the opposite effect of completely stopping 
the movement of the protoplasm. Thus in the second of the 15-minute 
experiments listed in the table, although the rate of streaming was 
increased in those cells in which streaming was measured, there were 
15 cells (out of 50) in which streaming did not occur at all. These 
cells were not considered in the determination of the rate of proto- 
plasmic streaming. Other experiments with 15-minute exposures gave 
no such result, but in the case of one of the 20-minute exposures, 8 of 
the cells (out of 50 observed) showed no streaming. Moreover, in 
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these experiments with longer exposures, not infrequently crystals of 
calcium oxalate appeared in these cells not directly exposed to the 
radiation. In some cases fully formed characteristic crystals were 
observed one hour after the preparations were removed from the 
ultraviolet. Other cells showed tiny crystals. As time passes, the 
number of cells with large characteristic crystals increases, and the 
number of cells with tiny crystals decreases, so that apparently the 
small crystals are an early stage of the larger ones. 

Asa whole, the results indicate that when Elodea cells are irradiated, 
substances are produced which can affect neighboring cells. Unfortu- 
nately, however, the experiment is not decisive. It might be argued 
that the cells under the coverslip but near the boundary are directly 
affected by ultraviolet rays diffracted from the coverslip border. An 
attempt was made to estimate the extent of such a diffraction effect 
by photographic tests, but these tests were discontinued in favor of a 
second and more decisive series of experiments. 

Elodea \eaves in the water of their culture (tap water) were irradi- 
ated, then a non-irradiated leaf or half-leaf was placed in their neigh- 
borhood. The non-irradiated leaf then soon showed effects. Proto- 
plasmic streaming was decidedly hastened. The results are shown in 
Tables II and III. In the experiments recorded in Table II, a half leaf 
was placed near five previously irradiated leaves. All of the leaves were 
immersed in a large drop of water on a slide. Another half-leaf served 
as a control and it was placed in proximity to five non-irradiated leaves. 
Table III gives the results of a few tests in which leaves attached to the 
plant were similarly subjected to the influence exerted by irradiated 
leaves. 

Both sets of experiments give the same result. Irradiated leaves 
have a potent action on other unexposed leaves in their vicinity. 
There is thus clear and incontrovertible evidence for the indirect 
effect of this type of radiation. 

We believe this indirect action to be due to the diffusion of sub- 
stances from the irradiated leaves or half-leaves. In view of the 
remarkable explanations that some authors have postulated as to the 
possible mechanism of the indirect effects of radiation, it might be 
argued that there is a secondary radiation or something of the sort 
which passes out from the exposed part of a leaf. It scarcely seems 
conceivable that such a secondary radiation could be delayed so as to 
act after the leaves are no longer exposed to the radiation, and yet 
even such a theory might find its adherents. To eliminate any such 
possible explanation, we radiated leaves in culture water and then 
after the irradiated leaves were removed, a fresh half-leaf was added 
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to the water in which the leaves had been irradiated. With experi- 
ments of this type it is possible to show beyond any reasonable doubt 
that irradiated leaves do actually give off to the surrounding medium 
substances which have a definite effect on other leaves. As to the 
nature of these substances, we prefer not to venture any very definite 
opinions, but to await the result of further experimentation. In view 
of the fact that radiation of Elodea releases calcium (Nadson and 
Rochline-Gleichgerwicht, 1928), it is possible that this element may 
be a factor in the interpretation. Perhaps also amino acids play a 
part (cf. Fitting, 1933), or it may be that auximones are concerned. 
Whatever the ultimate explanation may be, it is perhaps interesting 
to note that in these experiments we have another clear case in which 


TABLE III 


Indirect effect of ultraviolet radiation on the rate of protoplasmic streaming in 
Elodea cells. Effect of five irradiated leaves on the streaming of a leaf attached toa 
plant. Leaves were irradiated 30-40 minutes. 


| | Control—Leaf on stem not exposed to 
| irradiated leaves 











Num- | | | |} Num- | | | 
Number | ber of | Rate | Rate | Per- | ber of | | Rate | Per- 
of | rows | before | 1 hour | cent- rows | Rate 1 hour | cent- 
experi- |ofcells| exposure after |} age | of cells| a after first | age 
ment | ob- | toleaves | exposure | change} ob- | observation | change 
| served | | served 
} | 
Ke | } ~} | 
microns/sec. | microns/sec. | microns/sec. | microns/sec. 
1 7 } 10.8 16.6 | +53.7| 70 10.3 12.1 +17.4 
z. } es 11.1 18.6 | +67.5} 50 | 11.4 11.9 | +4.3 
3 50 | 9.7 17.0 +75.2} 50 10.6 11.3 | +6.6 





stimulated protoplasm produces substances which have an effect on 
other protoplasm. Examples of this phenomenon are being reported 
in increasing numbers in all branches of biology, and our knowledge 
of so-called humoral physiology is rapidly widening. From the 
standpoint of protoplasmic mechanics and the colloid chemistry of 
protoplasm, this is a point of great interest. In many ways protoplasm 
behaves like blood, and the stiffening or gelation of protoplasm is 
similar to blood clotting (cf. Heilbrunn, 1928, 1934). If this parallel 
be followed, it is easy to understand why stimulation of protoplasm 
should produce substances which affect resting protoplasm, for stimu- 
lated protoplasm can be thought of as similar to clotted blood, and 
when blood clots, substances are produced which produce clotting in 
other samples of blood. 
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SUMMARY 


Cells of Elodea leaves exposed to ultravinlet rays produce sub- 
stances which have an effect on other non-irradiated cells. 
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THE MITOTIC FIGURE AND CLEAVAGE PLANE IN THE 
EGG OF PARECHINUS MICROTUBERCULATUS, AS 
INFLUENCED BY CENTRIFUGAL FORCE 


ETHEL BROWNE HARVEY 


(From the Stazione Zoologica, Naples! and the Biological Laboratory, Princeton 
University) 


THe Mitotic FIGURE 


When the eggs, both unfertilized and fertilized, of Parechinus 
microtuberculatus, are centrifuged, the typical stratification is (1) oil 
at the centripetal pole, (2) yolk granules, (3) clear layer and (4) 
mitochondria at the heavy pole (E. B. Harvey, 1933). When the 
eggs are centrifuged after the mitotic figure has formed, this lies (in 
most batches) among the yolk granules and can be easily observed in 
the living egg. In the eggs of most other forms, the clear layer lies 
under the oil cap and the mitotic figure lies in the clear layer; the lack 
of granules around the mitotic figure prevents its visibility in the living 
material. Such is the case with the eggs of Spherechinus granularis, 
Paracentrotus lividus, Arbacia pustulosa (of Naples), A. punctulata (of 
Woods Hole) and also in some batches of Parechinus microtuberculatus, 
where there is, in addition to the clear layer above the mitochondria, 
also a clear layer under the oil. 

The eggs of Parechinus microtuberculatus were centrifuged, as 
previously described (E. B. Harvey, 1933) in a sucrose solution of the 
same density and tonicity as the eggs, for 4 minutes with a force of 
about 7,000 x g. If centrifuged 50 minutes after insemination 
(19° C.) while still spherical, the mitotic figure is (in many batches) 
thrown toward the centripetal pole under the oil cap, both in eggs 
with fertilization membranes and in those from which they have been 
previously removed (Figs. 1, 2). These eggs do not orient in the 
centrifuge, and the mitotic figure simply moves to the centripetal 
pole without shifting its axis. The mitotic figure, therefore, may lie 
with its long axis in any plane with reference to the stratification 
(parallel in Fig. 1 and perpendicular in Fig. 2). The spindle, that is, 
the figure between the asters, is not visible in the living material; 


1] wish to express my sincere thanks to Dr. Reinhard Dohrn, Director of the 
Stazione Zoologica, for his kindness and interest during my stay in Naples, and my 
appreciation of the facilities offeredethere through the Jacques Loeb Memorial Table 
of the Rockefeller Institute, New York. 


287 














288 ETHEL BROWNE HARVEY 


the visible figure consists of the two asters. The astrospheres—the 
clear centers of the asters—tend to elongate in a plane parallel with the 
stratification. The rays of the asters, as indicated by the granules, 
are much shortened near the centripetal pole and greatly elongated 
toward the centrifugal pole. This may be observed during rotation, in 
eggs centrifuged on the centrifuge microscope (with a high power lens 
which, together with the ocular used, gives a magnification of 400 x); 
it may also be observed after rotation in eggs centrifuged in tubes in an 
ordinary high speed centrifuge and then transferred to watch glasses. 
The division plane may come in, as indicated in Fig. 2, through the 
elongate rays. The rays follow somewhat the contour of the cell; 
this is particularly evident in cells in the centrifuge microscope slide 
which are indented by particles of débris; the rays follow the indenta- 
tion. As noted in a previous paper (1934), oil droplets are found en- 
tangled in the astral rays, caught there during their passage to the 
centripetal pole, and particularly in that part of the rays near the 
astrospheres. Even in eggs, such as those of Spherechinus granularis, 
where the asters lie in the clear zone, the oil droplets become enmeshed 
in the invisible astral rays so that these become outlined, especially 
near the center, by the oil drops (E. B. Harvey, 1934). 

In some batches of eggs, the mitotic figure is slightly heavier than 
the granules and is driven by centrifugal force toward the centrifugal 
pole, just above the clear layer and mitochondria. In these eggs, the 
astral rays are greatly elongated toward the centripetal pole and shortened 
or lacking toward the centrifugal pole (Fig. 3). With a greater centrif- 
ugal force, the rays are often curved, forming a remarkable spiral- 
shaped figure (Fig. 4). These spiral-shaped asters remind one of those 
described as occurring normally in the eggs of some mollusks and an- 
nelids and under certain experimental conditions (treatment with 
phenyl urethane) in sea urchins (Painter, 1916); in these cases they 
are apparently due to a shifting of materials in the egg. A slight 
twisting has also been observed in centrifuged eggs of Crepidula 
(Conklin, 1917) and Cerebratulus (Morgan, 1910). The rays can also 
be twisted mechanically by means of a needle (Chambers, 1917). 

The foregoing observations confirm the generally accepted view 
that the mitotic figure is a region of greater gelation since it can be 
moved through the cell and since it holds the oil drops. The region of 
gelation consists definitely of distinct rays (asters) around two clear 
central zones (astrospheres). The observations also show that the 
rays of the asters are composed of, or are outlined by, granules and that 
the extent and configuration of the rays, as well as the astrospheres. 
are greatly modified by centrifugal force. 
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PLATE | 


Parechinus microtuberculatus 


1. Mitotic figure shifted by centrifugal force to centripetal pole parallel with 
stratification. Rays shortened toward centripetal pole, elongate toward centrifugal 
pole. Note oil droplets among rays, also elongation of astrospheres. 

Same, mitotic figure in a plane perpendicular with stratification. 
Mitotic figure shifted to centrifugal pole. Rays shortened toward centrifugal 
pole, elongate toward centripetal pole. 

4. Spiral aster occurring with rapid centrifugal force. Only one aster shown, 
other one would be behind it. 
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RELATION OF Mitotic FIGURE TO CLEAVAGE PLANE 


The changes in individual eggs due to centrifugal force can be 
accurately followed with the centrifuge microscope; the original posi- 
tion of the mitotic figure can be observed, its position after centri- 
fuging, the axis of the egg in relation to centrifugal force, and the 
cleavage of the egg. The position of the cleavage plane in eggs 
whose mitotic figure has been displaced is correlated both with the 
original position of the mitotic figure, which I shall refer to as the 
‘“primary”’ plane, and with its final position, which I shall call the 
“induced”’ plane. When a cleavage plane has already started across 


the equator and the egg lies so that this plane is perpendicular to the 


centrifugal axis, it may complete itself in spite of the fact that the 
mitotic figure now lies well above (or below) the equator and bears no 
relation to the cleavage plane (Photographs 1—6, Fig. 2). It may even 
cut through the astral rays as noted above (Figs. 2, 3). The plane 
may also start in this position after the eggs have been removed from 
the centrifuge. The primary plane is usually across the centre of the 
short axis of the egg; this is especially evident in those eggs from which 
the fertilization membranes have been removed and which have become 
somewhat elongate owing to the centrifugal force. This is not neces- 
sarily the original plane since, as mentioned above, the eggs do not 
orient in the centrifuge and one can watch the movement of a mitotic 
figure whose original position would necessitate a cleavage in a plane 
perpendicular to the actual cleavage plane (Figs. 1, 3, Photograph 1). 
In some eggs, particularly in those with fertilization membranes and 
therefore less elongate, the primary cleavage plane comes in not across 
the equator, but below, through the clear layer, cutting off the mito- 
chondrial lobe (Photographs 7-10, Fig. 1). This may occur both ir 
eggs whose mitotic figure lay after centrifuging under the oil (Photo- 
graph 8) and in those where it lay just above the clear layer (Photo- 
graph 9). The mitochondrial lobe which is thus cut off resembles the 
polar lobe characteristic of some annelid and mollusk eggs. The lobe 
lacks a nucleus and does not cleave further; the other part of the egg, 
containing the mitotic figure and subsequently the nuclei, cleaves fairly 
regularly and forms a blastula (Photograph 10). Having found that the 
cleavage plane may come in in a position without relation to the final 
position of the mitotic figure, the question arose as to how far ad- 
vanced in the cleavage cycle the nucleus must be in order that a 
primary plane might appear. It was found that the nuclear wall 
may be still unbroken, and yet the (primary) cleavage plane come in 
in the region where the nucleus was before centrifuging. Such an 
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PaoTOGRAPHS 1-6. Parechinus microtuberculatus 


(The temperature in the experiments was 18-19° C.) 


1. Fertilized at 11:35; centrifuged from 12:32-36; photograph taken at 12:38. 
Cell to right cleaving across the equator though the mitotic figure lies under the oil 
(‘‘primary”’ plane). Cell to left cleaved later through the oil perpendicular to the 
stratification (‘‘induced”’ plane). 

2. Fertilized at 9:10; centrifuged 10:10-10:14; photograph taken at 10:16. 
Both planes, primary and induced in both eggs. 

3. Same eggs, photographed at 10:21. Both cleavage planes more marked in 
both eggs. 

4. Same eggs, photographed at 10:30. Primary cleavage plane obliterated in 
egg to right; induced plane present but does not show in photograph as it lies in the 
plane of the paper. Both planes present in egg to left. 

5. Same eggs, photographed at 10:35. Induced plane (through oil) still present 
in egg to right, not well shown in photograph. Primary plane still present in egg to 
left, induced plane obliterated. 

6. Another set of eggs, later stage. Fertilized at 10:13; centrifuged from 11:15- 
11:19. Photograph taken at 1:10. The cell containing the nucleus has cleaved, 
the cell lacking it has not cleaved. 











292 ETHEL BROWNE HARVEY 


egg is shown in Photograph 11. The eggs were centrifuged (for 4 


minutes) while in the streak stage; this was 20 minutes before cleavage 
and 10 minutes before the nuclear wall broke in the controls. It should 
be noted, of course, that this amount of centrifuging in these eggs at 
this stage causes only a slight elongation but is not nearly sufficient to 
break them apart even when they lack fertilization membranes. 
There is, therefore, no danger of confusion of a cleavage plane with a 
break caused by centrifugal force. Forty minutes after removal from 
the centrifuge, the nuclear wall was still intact in this particular egg 
and yet the cleavage plane had come in across the equator with no 
relation to the final position of the nucleus (Photograph 11). Twenty 
minutes later, the nuclear membrane had broken and the mitotic 
figure had formed; the primary cleavage plane was now much less 
distinct. Ten minutes later, the primary plane had almost disap- 
peared and a new plane (the “induced’’) had come in through the 
mitotic figure (Photograph 12). In this and similar eggs, therefore, 
a primary cleavage plane may come in through the equator even though 
the nucleus lies after centrifuging near one pole and while the nuclear 
wall is still intact. 

As stated previously, there is usually a cleavage plane not only 
through or near the equator of the egg without reference to the new 
position of the mitotic figure (primary plane), but also a cleavage 
plane correlated with the new position of the mitotic figure, no matter 


PHOTOGRAPHS 7-14. Parechinus microtuberculatus 


7. Egg centrifuged just before cleavage. Cleavage plane indicated just above 
mitochondrial lobe. 

8. Fertilized at 10:15; centrifuged from 11:15—11:19; photograph taken at 11:35. 
Cleavage above mitochondrial lobe (primary cleavage). Induced cleavage beginning 
below though mitotic figure is above, near the oil. 

9. Fertilized at 10:05; centrifuged from 11:08-11:12; photograph taken at 11:35. 
Cleavage above mitochondrial lobe. Induced cleavage starting below near mitotic 
figure and lagging at oil cap. 

10. Fertilized at 9:40; centrifuged from 10:40—10:44; photograph taken at 4:22. 
Central egg—upper cell having nucleus has developed into blastula, lower cell 
(mitochondrial lobe) lacking nucleus, has not developed. Egg to left had nucleus in 
both cells, and both have developed into blastulae. 

11. Fertilized at 11:15; centrifuged from 12—12:04; photograph taken at 12:45. 
Cleavage (primary) though nucleus still intact (in upper part). Nuclear wall in 
controls broke at 12:10, cleavage at 12:20. 

12. Same egg at 1:17. New induced plane across mitotic figure which formed at 
1:05—primary plane almost obliterated. 

13. Fertilized at 10:00; centrifuged from 10:43—10:47; photograph taken at 10:55. 
Cleavage in controls at 11:05. Induced cleavage before cleavage in controls. 

14. Another egg from same set at 11:04; induced cleavage complete in central 
egg; oil cap in cell to left. 
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PuotocrapHs 7-14. Parechinus microtuberculatus 





294 ETHEL BROWNE HARVEY 


where it lies after centrifuging; this I call the “induced” plane. In 
those eggs where the mitotic figure is thrown near the oil cap, the 
induced plane usually comes in here (Photograph 13). In an elongate 
membraneless egg, this often results in the pinching off of a small piece, 
as shown in this photograph. If the mitotic figure lies further down, 
especially in an elongate egg, the cleavage plane usually comes in 
here. (Photograph 14, central egg which has already cleaved; oil 
cap to the left.) When the mitotic figure is thrown quite near the 
surface, the induced plane comes in immediately, sometimes 10 minutes 
before it does in the normal control eggs (Photograph 13). Frequently 
both planes, the primary and induced, come in synchronously, or 
either one may come in before the other (Photographs 2-5). Either 
or both planes may become functional. In the egg to the left in 
Photographs 2-5, the primary plane became functional and the in- 
duced plane became obliterated; in the egg to the right the reverse 
took place. In Photograph 15, both planes became functional. In 
eggs such as these, the cell lacking the mitotic figure and nucleus does 
not develop while the cell with the mitotic figure cleaves fairly regularly 
and forms a blastula (Photographs 6 and 10). Insome eggs the spindle 
lies in the long axis after centrifuging, and after a cleavage in the 
primary plane, an induced plane may also come in parallel to it 
(Photographs 16-18, same egg); in this egg only the induced plane 
became functional. 

The induced plane in these eggs usually starts at the surface nearest 
the mitotic figure; when this is near the oil cap, the cleavage plane 
starts here and seems to penetrate the mitochondrial zone with 
difficulty (Photograph 20); when the mitotic figure is nearest the 
heavy end of the cell, the cleavage plane usually starts here and lags at 
the oil cap. (Photograph 9.) It is then not entirely a matter of the 
density of the material that determines the ease of penetration of the 
cleavage plane, though this is usually the case. On the other hand, it 
is not always the nearness of the surface to the mitotic figure that 
determines its inception, since in some few cases the spindle lies near 
the oil cap and induced cleavage begins at the heavy end of the cell. 
(Photograph 8.) In this egg, the mitochondrial lobe has been sepa- 
rated off by the primary cleavage, and the plane of the induced cleav- 
age has started in this zone, even though the mitotic figure lies far 
removed under the oil cap. 

When eggs are centrifuged soon after fertilization, in the monaster 
or early streak stage and then removed from the centrifuge, the nu- 
cleus returns to its central position before the mitotic figure forms. 
Cleavage is usually equatorial, but without reference to the stratifica- 
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tion, as is indicated by the fact that it bears no relation to the oil cap; 
it possibly bears a relation to the original polarity of the egg before 


PHOTOGRAPHS 15-20. Parechinus microtuberculatus 


15. Fertilized at 9:40; centrifuged from 10:40—10:44; photograph taken at 11:30. 
Both primary and induced planes functional; lower cell has no nucleus. 

16. Fertilized at 3:10; centrifuged from 3:48-3:52; photograph taken at 4:20. 
Cleavage in primary plane; amphiaster above in long axis of egg and its axis per- 
pendicular to primary cleavage plane. 

17. Same egg at 4:23; new induced cleavage plane, primary plane nearly gone. 

18. Same egg at 4:55; induced plane functional. 

19. Fertilized at 10:15; centrifuged from 11—11:04, as nuclear wall is breaking; 
photograph taken at 11:20. Cleavage through oil cap. 

20. Fertilized at 10:00; centrifuged from 10:43-10:47; photograph taken at 
11:18; lag of cleavage plane at mitochondrial lobe. 


centrifuging, though this was not determined. This is at variance 
with the eggs of other species, Paracentrotus, Spherechinus, and 
Arbacia, where the nucleus lies after centrifuging in the clear zone; 
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the mitotic figure forms here and the cleavage plane comes in through 
the oil and perpendicular to the stratification. The discrepancy is 
probably due to the density of the nucleus (and mitotic figure) rela- 
tive to the liquid matrix (clear layer) and the granules. In Parechinus, 
the nucleus is (in most batches) lighter than the matrix and of the 
same weight as the granules. In the other eggs, it is of the same weight 
as the matrix and lighter than the granules, and its position of equi- 
librium is in the clear layer, and the mitotic figure forms here with 
its long axis parallel with the long axis of the layer itself. 

If the eggs of Parechinus are centrifuged soon before the mitotic 
figure forms and while the nuclear wall is still intact, the nucleus does 
not have time to return to the center before cleavage; the spindle 
usually forms parallel with the stratification and the cleavage plane 
tends to come in through the oil (Photograph 19). As has been noted 
above, however, a primary plane may come in, in eggs centrifuged at 
this stage, bearing no relation to the final position of the nucleus 
(Photograph 11). 

DISCUSSION 

The foregoing experiments show that any theory of mitosis based 
on the mechanical pull of the astral rays on the surface of the cell is 
inadequate, since cleavage may take place without relation to the 
final position of the rays. Previous experiments (1934) have shown 
that any theory involving the ectoplasmic layer as an active agent 
in cleavage is inadequate since this layer may be centrifuged off from 
the egg and yet the egg may cleave. It has been shown by the above 
experiments that the cleavage plane is correlated with the position 
of the nucleus or mitotic figure both before and after shifting by 
centrifugal force. Another factor influencing the position of the cleav- 
age plane is the shape of the egg, since it tends to cut across the 
short axis. Other factors involved are the distribution and density of 
the moveable materials in the egg, and the time interval elapsing be- 
tween the change in position of the nucleus or mitotic figure and the 
occurrence of cleavage. Since a cleavage plane can come in without 
relation to the mitotic figure, it would seem that the mitotic figure it- 
self is an expression of more fundamental physical and chemical changes 
taking place in the cytoplasm and surface of the egg, and not a cause in 
itself of the cleavage process. 


SUMMARY 


1. The mitotic figure of Parechinus microtuberculatus may be 
shifted by centrifugal force to the centripetal pole, and the astral 
rays then become much elongate toward the centrifugal pole. In 
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other batches of eggs it is thrown to the centrifugal pole and the astral 
rays then become elongate toward the centripetal! pole. 

2. The first cleavage plane is correlated with the position of the 
nucleus or mitotic figure before centrifuging, and may bear no relation 
to its final position (primary plane). It is also correlated with the 
position of the nucleus or mitotic figure after centrifuging, since an- 
other cleavage plane may appear in relation to the new position of the 
figure (induced plane). 
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SOME SURFACE PHENOMENA IN THE FERTILIZED 
SEA URCHIN EGG AS INFLUENCED BY 
CENTRIFUGAL FORCE 


ETHEL BROWNE HARVEY 


(From the Stazione Zoologica, Naples, and the Biological Laboratory, 
Princeton University) 


STREAK STAGE 

There is a certain period during the development of the normal 
egg of Parechinus microtuberculatus during which the surface becomes 
crenate. The eggs from some females show the phenomenon markedly 
and the eggs from others not at all. The crenation occurs during the 
streak stage—that is, the period between the end of the monaster 
(20 minutes after fertilization at 19° C.) and the formation of the 
mitotic figure (45 minutes after fertilization and 15 minutes before 
cleavage). As soon as the nuclear wall breaks and the mitotic figure 
forms, the eggs become perfectly spherical again (Photographs 1 and 
2, same eggs). The change in the condition of the protoplasm caused 
by the breakdown of the nuclear wall is no doubt correlated with this 
latter surface change. This crenation phenomenon was observed and 
noted previously during some experiments with lack of oxygen, which 
accentuates it (E. B. Harvey, 1927). Although the crenation re- 
sembles that due to hypertonic sea water, it obviously cannot be due 
to this, since the same eggs in the same sea water later become spherical. 
Hoadley (1934) has noted “pulsations,” or rhythmic changes in shape 
of the Nereis egg which are somewhat comparable with those occurring 
in Parechinus. 

When the eggs, with fertilization membranes intact, are centrifuged 
at this time (5,000  g for 4 minutes in an isotonic sucrose solution 
and then removed to sea water), the part of the egg toward the cen- 
trifugal pole is thrown into folds while the part toward the centripetal 
pole remains smooth (Photograph 3). This occurs in all batches of 
eggs, even in those which show no crenation under normal conditions 
during this period. At the time that the nuclear membrane breaks 
in these eggs the folding disappears, the entire surface of the egg 
becomes quite smooth, and the egg is again spherical (Photograph 4, 
same eggs as shown in Photograph 3). 

If the eggs are centrifuged earlier, during the monaster stage, the 
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folding does not take place at the time of centrifuging. As soon, 
however, as they reach the streak stage, a change takes place in the 
surface of these eggs, and they become sometimes quite like those 
centrifuged during the streak stage and sometimes crenate all over the 
surface like the controls, depending upon the time elapsing between 
centrifuging and the normal crenation period. If they are centrifuged 
just before the time for crenation, the centrifugal surface subsequently 
becomes folded; if centrifuged somewhat earlier, the whole surface 
later becomes crenate. If the eggs are centrifuged after the normal 
crenation period, that is, after the mitotic figure has formed, no 
folding takes place. Photograph 5 shows two eggs centrifuged at 
the same time, the one to the left in the streak stage, with nucleus 
still intact, and the one to the right in the spindle stage; the former 
is decidedly folded, the latter spherical. 

If placed in hypotonic sea water, both the normally crenate eggs 
and the folded centrifuged eggs become spherical. The crenation is, 
therefore, influenced by osmotic conditions. 

When normal eggs have been freed of their fertilization membranes 
by shaking soon after insemination, they acquire the same crenate 
surface at the streak stage as those with fertilization membranes. 
When membraneless eggs are centrifuged during the streak stage, the 
surface of the elongated egg toward the centrifugal pole becomes rough 
and crinkled while the surface toward the centripetal axis remains 
smooth (Photographs 6 and 7). 

The eggs of Paracentrotus lividus and Spherechinus granularis show 
the same phenomenon as those of Parechinus microtuberculatus when 
centrifuged at the streak stage, but in a less degree. 

When unfertilized eggs (Spherechinus) are centrifuged and put into 
hypertonic sea water, a crenation of the surface takes place, but 
chiefly near the centripetal pole (Photograph 8). The hypertonic sea 
water causes artificial parthenogenesis in many eggs. As soon as the 
(fertilization) membrane is thrown off, the surface immediately 
becomes smooth (Photograph 8), an evidence of marked surface 
changes which are known to be occurring at the time of the elevation 
of the membrane. 

Significant observable changes, therefore, take place in the surface 
of the egg during development, and these changes are constant for 
particular stages. It has been shown previously (1933) that there are 
characteristic differences in the mode of breaking of unfertilized and 
fertilized eggs, and of the fertilized eggs at different periods after 
fertilization when they are subjected to a strong centrifugal force; 
and these differences have been attributed to surface changes. It 
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seems possible that these surface changes demonstrable both in normal 
eggs and in those subjected to centrifugal force are correlated with 
changes in permeability. It is well known that the fertilized egg is 
much more permeable to water than the unfertilized (R. S. Lillie, 
1916; McCutcheon and Lucké, 1932), and Lillie (1918) has shown 
that the permeability of the fertilized egg varies with the stage after 
fertilization. It becomes marked 20 minutes after fertilization in the 
Arbacia egg at 20° and reaches a maximum somewhat later; at this 
time this egg is in the streak stage. The marked changes in permea- 
bility therefore occur at the same stages as the marked observable 
changes in the surface. 
TWO-CELL STAGE 


When the egg of Parechinus microtuberculatus is centrifuged 
(5,000 < g for 4 minutes in an isotonic sucrose solution) in the 2-cell 
stage, each of the two cells stratifies in the same way as the single cell. 
The ectoplasmic layer is, as described in a former paper (1934) thrown 
off by the centrifugal force. This causes the cells to separate since 
the binding material is lacking. After centrifuging, the eggs were 
returned to sea water. The cells without membranes (membranes 
removed immediately after fertilization by shaking) have become 
greatly elongate and the narrow tails are often intertwined (Photo- 


graphs 9 and 10). The two cells are often quite widely separated, 
both those with and those without membranes. After a little while, 


PHoToGRAPHS 1-8. Crenation. 


(1-7 Parechinus microtuberculatus; 8. Spherechinus granularis. 
Temperature 18-19° C.) 


1. Normal egg; fertilized at 11:37; photographed at 12:20. Streak stage showing 
crenation; nucleus still intact. 

2. Same egg at 12:25 after formation of mitotic figure; surface spherical. 

3. Eggs fertilized at 10:37; centrifuged from 11:08-11:12 at streak stage; 
photographed at 11:20. Surface folded at centrifugal pole. 

4. Same eggs at 11:35 after formation of mitotic figure. Surface smooth, folding 
has disappeared. 

5. Eggs fertilized at 11:35; centrifuged from 12:20-12:24. Egg to left with 
nucleus intact showing folding of surface; egg to right after nuclear membrane has 
broken showing smooth surface. 

6. Fertilized at 12:15; centrifuged from 12:45—12:49 at streak stage, fertilization 
membrane having been previously removed; surface of egg crinkled at centrifugal end. 
An egg at left, out of focus, with membrane intact showing folding as in Photograph 3. 

7. Fertilized at 11:15; centrifuged from 12-12:04; photographed at 12:08 at 
streak stage. Eggs without membranes have crinkled tails, those in membranes 
folded. 

8. Spherechinus granularis. Unfertilized eggs centrifuged, then put into hyper- 
tonic sea water. Show crenation at centripetal pole. Some have thrown off mem- 
branes, developing parthenogenetically. Note smooth surface of these. 
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Puorocrarus 1-8. Crenation. 
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however, the two cells may approach each other and come again into 
contact. One can often see papilla form on the adjacent surfaces of 
the two cells and later threads stretch between, pulling the two cells 
close together (Photographs 11, 12). These cells then divide and 
later form a single normal blastula. A similar binding process has 
been observed between two whole intact eggs after centrifuging 
(Photograph 13), but the threads broke later on and the two cells 
separated. The knitting process is doubtless due to the regeneration 
of the ectoplasmic layer. It has been noted previously (1934) that 
this layer does regenerate after having been removed. These observa- 
tions give additional evidence that the function of the layer is to act 
as a binding material holding together individual cells. Similar 
observations on the coalescence of artificially isolated cells have been 
made by Hammar (1896), H. V. Wilson (1911), and others. Recently 
A. R. and M. M. Moore (1931) have called attention to the importance 
of such strands or “‘cell-bridges’’ in the developing sea urchin egg. 

Frequently the first two blastomeres which have been separated 
by centrifuging, remain apart and develop separately into twin blastulz 
(Photographs 14-16). Under what conditions this occurs, I did not 
determine, but it is probably due to the failure of the ectoplasmic 
layer to regenerate. Often the first cleavage is not synchronous in 
the two cells (Photograph 14). If the fertilization membrane has not 
been removed, the twins develop into blastule inside the membrane, 
and frequently one swims out much in advance of the other. There 
are all gradations between the development of twin blastule from 
the first two blastomeres, and the development of one perfect blastula, 
all degrees of fusion occurring (Photographs 15, 16). 


PHOTOGRAPHS 9-16. Two-cell stage. 


(Parechinus microtuberculatus. Temperature 18-19° C.) 


9. Eggs fertilized at 10; centrifuged from 11:25—11:29 in 2-cell stage; fertilization 
membranes previously removed. 

10. Eggs fertilized at 2:55; centrifuged at 4:00; shows intertwining of tails. 

11. Eggs fertilized at 3:25; centrifuged at 4:25; photographed at 4:40. Note 
papilla and strands between adjacent surfaces of the two blastomeres. 

12. Same eggs after 10 minutes, showing contact of blastomeres. 

13. Fertilized at 9:40; centrifuged from 10:10-10:14; photographed at 10:25. 
Two whole cells joined by filaments. 

14. Fertilized at 10:48; centrifuged from 12:05-12:08; photographed at 12:45. 
Note cleavage of blastomeres in both eggs, asynchronously. 

15. Fertilized at 9:55; centrifuged from 11—11:04; photographed at 6:15, when 
just beginning to swim. Twin and partially fused blastulz. 

16. Same with fertilization membranes not removed. 
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PuHorocraAPHs 9-16. Two-cell stage. 
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SUMMARY 


1. Some normal Parechinus eggs become crenate during the streak 
stage. When centrifuged at this stage, the cells with fertilization 
membranes become folded and those without fertilization membranes 
become crinkled near the centrifugal pole. 

2. When centrifuged in the 2-cell stage, the two blastomeres are 
separated owing to the destruction of the ectoplasmic layer. They 
may later be drawn together by fine strands, forming a single blastula; 
or they may remain separate forming twin blastulz. 
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THE PHOTOTROPIC RESPONSES OF AVENA IN RELATION 
TO INTENSITY AND WAVE-LENGTH ! 


CHARLES HAIG 
(From the Laboratory of Biophysics, Columbia University, New York City) 


Darwin’s (1880) conclusion that the photoreceptors of grass 
seedlings (with the possible exception of oats) are practically confined 
to the first few millimeters or tip of the shoot was in the main con- 
firmed by Rothert’s (1896) work. Rothert, however, clearly showed 
that the basal portion of unilaterally illuminated oat coleoptiles whose 
tips are shielded from the light undergo positive curvature. More 
recently Bakker has found this to be true also of Panicum (F. A. F. C. 
Went, 1924). 

The enormously higher sensitivity of the tip to photic stimulation 
(Sierp and Seybold, 1926) undoubtedly accounts for the greater atten- 
tion commanded by this region until F. W. Went (1925, 1926, 1928) 
showed that in addition to this difference in sensitivity there are strik- 
ing differences in the responses when the tip and base are stimulated 
separately. Among other things he found (1925) that an oat plant 
receiving a general illumination of 500 meter-candle-seconds shows two 
periods of growth rate inhibition, one beginning about 28 minutes and 
the other about 8 minutes after stimulation. When all but the upper 
1.25 mm. of coleoptile is shielded from the light, only the 28-minute 
response occurs, and when the upper 3 mm. is shielded, only the 8-min- 
ute response occurs. He names these respectively the tip response 
and the base response. 

The present work was undertaken to secure precise measurements 
of the bending responses of Avena, when naked and when shielded, to 
lights of different intensities and spectral composition, in the hope 
that these findings would be confirmed and specified. 


PROCEDURE 
Avena sativa seeds were germinated on moist filter paper placed in 
the bottom of covered jars. The germinating seeds were kept in a 
light-proof incubator at 25° C. for about 70 hours, when the roots 
had attained a length of 20-25 mm., and coleoptiles had not yet ap- 
peared. The seeds were then mounted in small vials, containing 


1 Two preliminary reports on this work have appeared (Haig, 1934a, b). 
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distilled water, by inserting them into holes bored in the center of the 
corks. Since all the holes were of the same diameter, all seeds that 
would slide in with reasonable ease and remain fixed were of about 
the same size. The mounted seedlings were replaced in the incubator 
and in 12 hours the coleoptiles were ready for use in an experiment 
(Fig. 1, 6). Although preliminary experiments indicated that con- 





camera 
shutler. 





oleoptile 
rr ~ Wal 
| 













air 
(hermostat~ | glass 
window 
| 
| snicrome/ler 
RS |, J/erew 
| lele scope 
Fic. 1. (a) Plan of apparatus for unilateral illumination of Avena by white 


light. Wratten filters were mounted between the plant and the first lens in the 
experiments with colored lights. For obtaining spectral lights, the lenses, diaphragms, 
and concentrated filament lamp were replaced by a neutral wedge, monochromator, 
and ribbon filament lamp. (6) Sectional view of mounted seedling. 


siderable variation in length did not increase variability in the measure- 
ments, only those shoots that were straight and between 8 and 12 mm. 
long were used. 

During each experiment the plant was kept upright in the center of 
a thermostatically controlled light-proof box at 25° C. (Fig. 1, a). It 
was so placed that the flat side of the coleoptile was presented to the 
stimulating light.2 The position of the shoot apex was followed by the 


2 The coleoptile being ellipsoidal in cross-section, the angle formed by the sides 
of the apex is sharper when viewed in the short than in the long diameter. Accord- 
ingly, the flat side was presented to the stimulating light and the vertical hair of the 
viewing telescope focused on the sharp apex of the narrow side. This practice had 
the further advantage that any difference in response arising from the plant’s asym- 
metry could not complicate the results. 
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telescope which was displaced horizontally by a micrometer screw. 
A record of the position was made every minute beginning a few 
minutes before exposure and continuing well beyond the time when 
bending had become established. The positions were then plotted 
against time and the moment for onset of bending was determined 
graphically to the nearest minute. The time between beginning of 
exposure and initiation of bending is here called the reaction time. 

Since Avena has been shown by Blaauw (1909) and others to be 
quite insensitive to red light, a dim light passed through an Eastman 
No. 71a Wratten red filter was used for examining and handling 
experimental plants, and for making observations. Hence no effective 
stimulus reached them before or after the experimental stimulus was 
given. 

The stimulating source was a 500-watt concentrated filament 
tungsten lamp located in a separate compartment which communicated 
with the plant compartment by a wooden tube containing, in the 
order named, a ground glass plate with brass diaphragm, a fixed 
diaphragm with attached channels for accommodation of a series of 
replaceable fixed diaphragms of various diameters, a pair of biconvex 
lenses, and between them a camera shutter. The lenses were so 
placed that the emergent beam of light was a parallel bundle. The 
replaceable diaphragms controlled the intensity at the plant over the 
range 1-10,000 meter-candles. Exposures of one second were made 
by means of the camera shutter. Longer exposures were controlled 
by a stop-watch, using the bulb mechanism of the camera shutter. 

In the experiments with colored lights, channels were provided to 
accommodate Wratten filters (Eastman Kodak Company “ Mono- 
chromatic’’) in the path of the light beam. For violet light filter No. 
76 (center of gravity at \4475) was used, and for blue-green light No. 
75 (center of gravity at 44905). In the course of the work it became 
apparent that the plant was so insensitive to wave-lengths longer than 
those transmitted by filter No. 75 that only a minus-blue filter (No. 12), 
which transmits all wave-lengths longer than 5000 A, could be used 
without substituting a more powerful source. The energy distribu- 
tion of the tungsten lamp employed was computed in steps of 100 A 
from Wien’s equation, using the color temperature 3200° K. (Forsythe, 
1920). Each filter was calibrated for percentage transmission at in- 
tervals of 100 A spectrophotometrically and the values so obtained 
multipled by the energy values for the lamp at these wave-lengths. 
The resulting transmission curves were plotted and their areas meas- 
ured with a planimeter. These areas were proportional to the energies 
incident at the plant when the respective filters were in use. 
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For later experiments with monochromatic light a monochromator 
was used with a vertical ribbon filament lamp operating at 18 amperes 
and 6 volts. In this case the plant was so placed that a narrow colored 
image of the slit fell on it. A “‘neutral’’ gelatine wedge controlled the 
intensity of the emergent beam. The lamp, lens, and monochromator 
were calibrated together for energy distribution by photometric 
comparison with a calibrated monochromator and source. The 
wedge transmission was calibrated spectrophotometrically for each 
wave-length used. Thus, for any given wave-length and wedge 


TABLE [ 


Reaction time to white light of various intensities. Average of 10 readings, one on 
each of 10 plants. Exposure time 1 second. 








Coleoptile as a whole Tip exposed Base exposed 
| Aver- | | Aver- | Aver- 

Inten- | age re- | Probable = Inten- age re- | Probable; Inten- age re- | Probable 
sity } action | error (r—m) sity action error sity action error 
time | time | time 

log } log log 

meter- meter- meter- 

candles | minutes | minutes candles | minutes | minutes candles | minutes | minutes 
0.63 29.4 0.5 0.088 0.70 28.3 0.3 1.62 26.7 | 0.7 
0.86 | 24.3 0.3 0.159 | 1.20 | 22.5 0.3 1.84 18.3 | 0.5 
1.06 | 23.1 0.5 0.196 1.62 20.6 0.4 257 | 129 | GA 
1.38 21.6 0.5 0.278 2.20 22.7 0.7 | 
1.67 | 20.7 | 0.3 | 0.370] 2.57 | 28.2] 09 
1.83 | 181 | 0.5 | 0.127 | 3.38 | 30.1 0.9 

1.92 | 168 | 0.7 | 0.152 

2.19 | 14.5 0.5 0.233 

2.37 | 13.7 | 1.0 | 0.286 

2.70 | 12.8 | 0.6 | 0.385 

3.09 13.1 0.3 

3.38 | 18.1 0.5 

3.88 23.0 0.7 


setting, the relative incident energy at the plant was the product of the 
relative energy of light leaving the monochromator and the wedge 
transmission for that wave-length and setting. 


WHITE LIGHT AS STIMULUS 


For finding the relation between intensity of light and reaction 
time, 10 determinations were made, using 10 separate etiolated plants, 
of the time of onset of bending at each of 13 intensities. The exposure 
was always 1 second. The data are given in Table I (coleoptile as a 
whole). The open circles in Fig. 2 represent these averages. Figure 
2 shows that as the stimulating intensity increases the reaction time 
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falls in two distinct and regular steps from the neighborhood of 30 
minutes to about 13 minutes, then rises steeply. In the intensity 
range producing the rise in reaction time the shoot, after bending for 
about 9 minutes, very abruptly stops bending toward the light and 
begins bending away from it. Averages of four such responses at 
two intensities were recorded as follows: at log J = 3.38, r. t. = 25.8; 
at log J = 3.88, r.t. = 33.5. These are probably the negative 
responses observed by Arisz (1915) at intermediate intensities, the 
response sequence observed by him with increasing intensity being 
positive—positive followed by negative—postitive. 




















Reaction Time— Minutes 











Log Intensity—Meter-Candles 


Fic. 2. Relation between log intensity of white light and reaction time. Each 
point is the average of 10 readings (Table I). Open circles, coleoptiles as a whole. 
Solid circles, bases shielded. Triangles, tips shielded. Descending curves are 
hyperbolas derived from the data. Ascending curves are theoretical. 


The double relation between reaction time and intensity secured 
here is very likely an expression of the tip and base growth responses 
reported by Went. At 500 meter-candle-seconds, Went obtained a 
double growth response from the naked plant, one after 8 minutes 
and the other after 28 minutes. At this intensity (log J = 2.70) the 
average reaction time in my experiments is 12.8 minutes, only the 
earlier responses being recorded. Efforts to observe the expected 
second bending yielded such variable results that they were abandoned 
in favor of the procedure described in the next section. 
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As a purely empirical description of the data, the relation between 
reaction time and log intensity (up to the point of sharp increase in 
reaction time) may be represented by a rectangular hyperbola 


(r — m)(log J+ C) =k, 


where m and C are the asymptotes of reaction time and log J axes 
respectively, 7 is reaction time, and k aconstant. The two descending 
curves in Fig. 2 are such hyperbolas; the equation for the upper data 
is 

(r — 18)(log J — 0.30) = 3.75, 


and that for the lower is 
(r — 10.2)(log J — 1.41) = 3.35. 


It is apparent that the data are precisely described by these curves. 
All measurements of reaction time against log I follow such a rectangu- 
lar hyperbola, as will be made evident in the course of this paper. 


ANATOMICAL SEPARATION BY SHIELDING 


If the double relation between reaction time and intensity shown 
in Fig. 2 represents the separate sensitivities of the base and tip of the 
plant, it should be possible to separate them by mechanically con- 
fining the illumination to one or the other of the two parts of the plant. 
Experiments showed this supposition to be correct. The base was 
shielded by placing a tube of tin-foil around all but 1.5 mm. of the tip, 
and the tip was shielded by dipping 3 mm. of it in a water suspension 
of lamp black until the dried coating was quite opaque. Otherwise the 
exposure and measurements were made as before. 

Average reaction times for several intensities are presented in the 
second and third sections of Table I. The solid circles of Fig. 2 repre- 
sent readings obtained by illumination of the tip only, and the triangles 
those resulting from stimulation of the base alone. It is apparent that 
the measurements made with partial illumination not only fall on the 
two curves calculated from data on naked plants, but yield informa- 
tion quite unobtainable except by a shielding procedure. Whereas 
with naked plants the upper data could not be extended beyond the 
point at which the lower curve begins, with plants whose bases are 
shielded this is possible. A free-hand curve drawn through the upper 
data for intensities greater than 100 meter-candle-seconds would 
indicate a reaction time at log J = 2.70 of about 29 minutes, while 
Went’s reading at this intensity was about 28 minutes. On the lower 
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curve, as with the upper data, shielding the tip made possible the 
reading at log J = 1.62 (26.7 minutes). 


SEPARATION BY COLOR FILTERS 


The data seem to provide clear evidence that there are two photo- 
receptor systems with separate loci in the tip and base of the coleoptile, 
and that these two systems function at different intensity levels. On 
the chance that they may also differ in regard to spectral sensibility, 


TABLE II 


Reaction time to light from three different spectral regions. Whole coleoptile 
illuminated. Average of six readings. 














Filter Log relative | Exposure | Relative log | Average reac- Probable 
No. intensity | time (I Xt) tion time error 
seconds ‘ minutes minutes 
76 1.42 1 1.42 25.7 | 0.4 
0.47 10 1.47 23:5 0.5 
0.69 10 1.69 18.8 0.5 
1.75 | 1 1.75 17.2 0.6 
1.42 10 2.42 13.3 0.5 
2.73 1 2.73 12.0 0.6 
1.75 10 2.75 12.7 0.8 
2.04 10 3.04 14.5 0.9 
2.73 10 3.73 20.5 0.9 
75 0.84 1 0.84 30.5 0.8 
1.20 1 1.20 (| 22.8 | 1.1 
1.90 | 1 1.90 = | 20.8 | 0.8 
2.88 1 2.88 19.8 0.6 
2.38 10 3.38 14.0 0.8 
2.88 10 sme Cilia 0.7 
12 3.33 10 4.33 31.5 0.9 
3.76 10 “-_ | ma. | 0.8 
4.24 2 * 5.24 21.0 0.5 
4.60 10 5.60 17.0 0.8 
4.74 10 5.74 15.0 | 0.3 
4.74 30 6.22 12.3 | 0.4 


an attempt was made to separate them by the use of color filters. For 
this purpose Wratten filters were placed in the path of the light beam 
at a point near the plant. The experimental procedure was exactly 
as described for the study of naked plants stimulated by white light. 

Measurements made with the three filters are presented in Table II, 
and the plotted averages in Fig. 3. The abscissas of Fig. 3 are in rela- 
tive energy units determined as previously described from measure- 
ments of the energy distribution of the lamp and the transmission of the 
filters. 
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The filters absorbed such large quantities of light that it was found 
necessary in the blue-green and minus-blue regions to increase the 
exposure time to 10 seconds, and in one case to 30 seconds, in order to 
obtain sufficient energy to complete the curves. This involves the 
assumption that the Bunsen-Roscoe relation holds for Avena. Justifi- 
cation for this assumption is supplied by Blaauw’s (1909) results, which 
indicate that for a given bending response of this plant the product of 
intensity and time is a constant over enormous ranges of intensity 
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LOGARITHM OF RELATIVE ENERGY 

Fic. 3. Relation between reaction time and log relative energy for responses of 
Avena to three regions of the spectrum. Each point is the average of 6 measurements 
on naked coleoptiles (Table II). Circles, filter 75 (blue-green); squares, filter 12 
(minus-blue); triangles, filter 76 (violet). Open squares and circles represent 10- 
second exposures, and the solid square a 30-second one. The open triangles represent 
1 second and the solid triangles 10-second exposures: Note that they all fall on the 


Same curve. 


and time. But in order to be quite sure that the procedure was sound, 
complete 1 and 10-second exposure curves were obtained for violet 
light (Filter Nd. 76). It will be seen from Fig. 3 that the 10-second 
readings (solid triangles) agree very well with those resulting from 
1-second exposures (open triangles). 

Figure 3 also reveals that no tip curve could be obtained when the 
violet filter was used, indicating that in the spectral region transmitted 
by this filter, base responses have lower thresholds than tip responses. 
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Such a filter thus affords a means of separating the two types of 
response without shielding. On the other hand, in the blue-green and 
minus-blue regions the tip is more sensitive than the base, as is the 
case when white light is the stimulus. 

As before, all curves are drawn as rectangular hyperbolas, and it is 
apparent that they adequately described the data. The three base 
curves may be superimposed by shifting them along the axis of abscis- 
sas. In the same manner the tip curves may be superimposed. The 
displacements necessary in each case are measures of the relative 
effectiveness of the three kinds of light. Measurement of these dis- 
placements reveals that for base responses blue-green is 1,000 times 
and violet 18,000 times more effective than minus-blue light, and for 
tip responses blue-green is 3,000 times more effective than minus-blue. 
These differential sensitivities to color are sufficient to show a con- 
siderable difference between the slopes of the tip and base spectral 
sensibility curves included in these wave-lengths; the tip curve having 
the greater slope. The data also indicate a maximum sensibility in the 
violet or ultra-violet for base responses, and in the blue for tip responses. 


MONOCHROMATIC LIGHT 

Because of these findings it seemed profitable to measure the spec- 
tral sensitivities of the two processes in greater detail. This was done 
in the visible range only, using a monochromator as already described. 
To measure tip responses in those spectral regions to which the basal 
portion of the coleoptile is more sensitive than the tip, all but 1.5 mm. 
of the tip was shielded from the light. Energies were kept below the 
point at which an increase in reaction time occurs. 

Table III contains measurements obtained at each wave-length. 
Curves a, b, c, d, and i of Fig. 4 are pure tip curves obtained by shielding 
the coleoptile bases; curves j, k, 1, p, g, and r are pure base curves 
(naked coleoptiles) secured in spectral regions where tip sensibility 
is lower than base sensibility. Curves e and m, f and m, g and n, and 
h and o are separately plotted double curves in spectral regions of 
lower base sensitivity. Note that curve m passes through data from 
two spectral bands. It was assumed that the single points of curves 
q and r, and the two points of curve h pass through hyperbolas identical 
with those of the remainder of the data. As before, all curves are 
rectangular hyperbolas. The equation for the upper data is 


(r — 18)(log J + C) = 3.75, 
and that for the lower 
(r — 10.2)(log J + C) = 3.35, 


where C depends upon the position of the curve on the log energy axis. 


Responses to 12 wave-lengths. 
10 seconds. 


Coleoptiles as a whole 
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TABLE III 


Average of 6 determinations. 


Exposure 


Coleoptiles as a whole (Cont'd) 





time 









































Log Average Prob- Log Average Prob- 
Wave relative | reaction able Curve Wave- | relative | reaction able Curve 
length energy time error length energy time error 
A | minutes minules i minutes minutes | 
4092 0.88 30.0 0.6 j 4901 3.01 26.2 0.1 | h 
1.02 20.3 0.3 3.07 244.8 | 03 | 
1.23 | 162 | 0.3 3.21 | 235 | 08 | 
1.46 14.7 0.8 3.40 242 | O38 | 
eee pines satiate aah 3.79 19.5 0.4 
4460 2.28 24.8 1.0 k 
2.48 18.2 0.6 3.98 | 18.0 0.4 | o 
207 | 18:2 0.5 4.18 15.8 | O04 | 
2.87 | 14.3 1.4 4.37 | 14.7 | 03 | 
niall | — — 4.57 13.2 | 03 | 
4698 | 2.34 27.7 0.7 l — —— — - 
| 2.44 20.8 0.6 5002 4.00 24.5 0.5 p \ 
| 2.75 16.0 0.5 4.20 18.3 0.4 | 
: £6 | 282 0.3 4.40 | 15.3 0.4 | # 
7 —— _ —_ 4.90 13.8 0.4 | ? 
4735 2.76 | 29.2 0.3 e | — —_—— ts 
2.82 | 26.8 0.6 5155 5.56 | 24.8 0.5 q 4 
2.95 23.8 0.9 —_—__—|- — — i 
3.13 21.8 0.6 5418 5.74 24.5 0.9 r 
3.32 | 20.0 | 0.4 m 
| 3.41 | 18.2 0.6 : ; ; 
| 3.51 | 16.2 | 06 | Bases of coleoptiles shielded 
| 3.89 | 13.7 | OS | ee i sae 
4800 2.58 | 24.8 0.7 | f 4092 3.41 25.0 0.4 a 
2.78 22.0 0.1 | 3.50 23.5 0.3 
2.97 21.0 0.5 | nen —|— _ ~ 
3.16 20.5 0.5 | 4302 3.33 30.0 0.4 b 
3.62 23.0 0.4 
3.36 18.8 0.7 | ™m 3.91 21.0 0.4 
3.55 15.7 0.4 | 4.30 20.0 0.4 
| 3.74 14.2 0.3 - —— 
3.93 13.2 0.2 4612 3.96 26.5 | 0.3 c 
—— —_—_|—_— — - 4.15 27 | @3 
4850 2.58 31.3 0.6 g 4.34 21.2 0.2 | 
2.78 24.8 0.2 4.52 19.7 0.5 | 
3.17 20.3 0.6 — _ ——_|—____|_—__—_ 
3.37 19.8 0.5 4698 3.06 26.7 0.3 d 
3.16 25.0 0.3 
3.55 18.8 0.6 n 3.36 22.7 0.3 
3.75 15.5 0.5 3.76 19.8 0.6 
3.94 14.3 0.4 ne asp fe ne 
4.33 12.8 0.3 5002 4.60 30.8 0.9 i 
4.70 26.0 0.4 
4.80 23.5 0.9 





20.8 
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The relative energy required at a given wave-length in order to 
produce a specific bending effect is given by the distance of its curve 
from the curve at the extreme left of the figure which represents 
responses to the most effective light. The relative energies so obtained 
are given in Table IV and are illustrated graphically by Fig. 5 (large 
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LOGARITHM OF RELATIVE ENERGY 





Fic. 4. Relation between reaction time and log relative energy for responses of 
Avena to narrow spectral bands. Each point is the average of single readings on 6 
separate plants (Table III). Alternate open and solid circles are used to avoid 
confusion. The hyperbolas have the same constants as those describing the data 
from white and filtered light, but the values of the vertical asymptotes vary with 
their positions on the axis of abscissas. 
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open and solid circles). For obtaining the vertical distance between 
these two curves, the energy required for a constant response by the 
tip and base for the same wave-length must be compared. Clearly the 
only part of the tip and base curves of Fig. 4 which may be regarded 
as comparable responses are the thresholds, i.e., the values of the 
asymptotes to the axis of ordinates. These were computed and the 
log J difference between them for each wave-length used to fix the 
relative position on the axis of ordinates of the two curves in Fig. 5. 
The ordinates in Fig. 5, when read from tip to bottom, give log relative 
energies. If read from bottom to top, they give log reciprocals of 


TABLE IV 


Relation of energy to wave-length, derived from the data of Fig. 4 by measuring the amount 
of displacement on the axis of abscissas required to superimpose each series of 








hyperbolas 
Tip series Base series 
Log | | Log 
Curve Wave-length relative | Curve Wave-length relative 
energy energy 
A A 

a 4092 2.92 j 4092 0.71 
b 4302 3.02 | k 4465 2.04 
( 4612 3.50 l 4698 2.14 
d 4698 2.75 m 4735 2.96 
e 4735 2.39 m 4800 2.96 
f 4800 2.10 n 4850 3.14 
g 4850 2.26 0 4901 3.60 
h 4901 2.58 p 5002 3.80 
t 5002 4.25 g 5155 5.32 
r 5418 5.51 


relative energies and therefore represent the relative effectiveness of the 
different parts of the spectrum. 

The tip curve has a distinct maximum at \4800, and a broad second- 
ary one at the violet end of the spectrum. The base curve exhibits 
no maximum in the visible range. The high value at \4092 would 
seem to point to a maximum in the ultra-violet. These results confirm 
the general conclusions drawn from the data obtained by the use of 
color filters. 

Determinations of the relative effectiveness of different spectral 
regions on phototropic responses of Avena have been made by Blaauw 
(1909), Koningsberger (1922), Sonne (1929), Bergann (1930), and 
Johnston (1934). The quantity they measured was not, as in my 
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experiments, the energy required for a constant reaction time in differ- 
ent parts of the spectrum, but rather the energy necessary for a specific 
amount of bending, or else the ratio of energies for no response to antag- 
onized lights of different wave-lengths. Although Sonne stimulated 
only the first 10 mm. of the shoot, which was the average length of my 
plants (and therefore not the “‘tip’’ as here defined), in no case were 
the precautions I have described used to separate tip and base re- 
sponses. It is therefore possible that tip responses were observed by 
these workers only in spectral regions to which the tip is more sensitive 
than the base. 


ENERGY 


RELATIVE 





LOGARITHM OF 





4000 4500 r 5000 5500 
Wave LENGTH—A 


Fic. 5. Relation between wave-length and log relative energy of stimulus for 
tip and base responses (Table IV). Large open circles are derived from measure- 
ments of base responses and large solid circles from those of tip responses as described 
in text. The thin line represents the average measurements of Blaauw, Konings- 
berger, Sonne, and Johnston and is roughly fitted to the high portions of the base and 
tip data. The small solid circles are the data of Bergann. 


The data of Blaauw, Koningsberger, Sonne, and Johnston, cor- 
rected when necessary as suggested by Bachmann and Bergann (1930), 
agree so closely when plotted logarithmically, that it seemed legitimate 
to average them for convenient comparison with my data. Except 
at \4092, these averages (Fig. 5, thin line), as anticipated, fall on a 
curve roughly corresponding to the envelope of the tip and base 
curves. On the other hand, Bergann’s data (small solid circles) 
approximate the base curve only; hence, Bergann’s technique or else his 
criterion of a bending response must have excluded tip responses. 
The absorption spectrum of a photochemical system is closely 











318 CHARLES HAIG 


correlated with its chemical behavior. To what extent the spectral 
sensibility of a tropistic reaction may approximate the absorption 
spectrum of the photic mechanism involved depends upon a variety 
of factors, e.g., the extent of masking by extraneous pigments, the 
solution state of the photoreactants, the optical conditions at the 
receptor. Except that pigment density in the coleoptile of Avena 
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LoG INTENSITY—METER-CANDLES 


Fic. 6. Relation between 1/(r — m) [velocity of latent period reaction ] and 
log intensity of white light for tip and base responses of naked plants. Solid circles, 
tip data; open circles, base data. The values of 1/(r — m) are found in Table I. 
The equations are given in the text. 


appears to increase slightly from the apex downward, principally after 
illumination, we have no reason to think that these conditions are not 
almost identical at the tip and base receptors. Therefore the differ- 
ences between the shapes of the two curves in Fig. 5 probably repre- 
sent real differences in the absorption spectra of two photochemical 
systems. 
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THEORETICAL 

The simple reciprocal relation found in all my measurements be- 
tween log J and reaction time suggests certain theoretical possibilities. 
The data here presented furnish information about the time elapsing 
before bending begins. The shorter the reaction time the faster must 
be the preliminary process leading up to bending. Hence, the re- 
ciprocal of the reaction time is a measure of the speed of this preliminary 
process. The reaction time apparently has a limit m below which it 
never goes. A plot of 1/(r — m) against log J yields a straight line 
(Table I and Fig. 6), indicating direct proportionality between log J 
and the speed of the process occurring in the interval (r — m)(latent 
period |. This is a corollary of the hyperbolic relation between log J 
and (r — m). The equations are 

1/(r — 18) = 0.267 log J — 0.081 
for the tip, and 

1/(r — 10.2) = 0.299 log I — 0.422 
for the base. The hyperbolas of Figs. 2, 3, and 4 may be calculated 
from these equations, the constants being reciprocals of those appear- 
ing in the purely mathematical treatment of the data. 

An identical relation between log J and reciprocal of latent period 
has been found for the photic responses of Mya (Hecht, 1920) and 
Pholas (Hecht, 1927), and a similar function appears in the photo- 
growth and phototropic reactions of Phycomyces (Castle, 1930). In 
animals the constant period m is occupied by the events of the reflex 
arc and is negligibly small. In plants m is very large and is probably 
occupied by extra-receptor preparations for bending as well as by the 
early unobserved bending. 

We may suppose that there are photo-labile substances in the 
coleoptile (the inclosed first leaf being insensitive, Rothert, 1896; 
»a4l, 1919) that are decomposed by light during the very brief ex- 
posure period. Their decomposition products determine the speed of 
a secondary non-photic reaction whose products start a chain of events 
leading up to growth inhibition when the illumination is general and 
to bending when the illumination is one-sided. If we assume that the 
velocity of the second reaction is directly proportional to the concentra- 
tion of photoproducts, then the fact that 1/(r — m) plotted against 
log I yields a straight line shows the concentration of photoproducts 
to be a logarithmic function of intensity, a relationship common in 
reversible photochemical systems possessing stationary states. Ap- 
parently there are two such sensitive systems present in Avena.* 

3 Strict adherence to this view of the photomechanism would require that the 
exposure period as well as m be subtracted from the reaction time, but since my 


calculations are based on experiments with 1-second exposures, the maximum 
possible error introduced by this omission is less than 0.15 per cent. 
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The fact that the growth of seedlings is slower in light than in 
darkness has been made the basis of a theory of phototropism first 
suggested by de Candolle (1832) and later elaborated by Blaauw 
(1914, 1915, 1919). Stated in general terms, the explanation for the 
bending of a shoot given by Blaauw’s theory is that the effect of light 
is to inhibit growth through the mediation of a photochemical reaction ; 
hence if more light reaches one side than the other its growth rate is 
diminished to a greater extent and the result is a bending toward this 
side. 

Castle (1930, 1933a, 5b) has shown that this explanation can be 
applied without serious modification to the bending responses of 
Phycomyces. In this case the plant grows faster in light than in 
darkness, but unilateral illumination nevertheless causes positive 
bending because the optical characteristics of the plant are such that 
light is focused on the far side. That vertical growth and bending in 
Phycomyces are fundamentally the same phenomenon is demonstrated 
by the fact that reaction times for both responses are parallel and 
almost equal over a wide range of light exposures. 

The conditions in seedlings are more complicated than originally 
supposed by Blaauw. It has been shown by F. W. Went (1926, 
1928) and confirmed by others (van Overbeek, 1933; F. A. F. C. Went, 
1935) that cells in the coleoptile tip produce a growth-promoting sub- 
stance, auxin, which moves downward into the coleoptile base. The 
coleoptile may be “‘decapitated’’ and the tip replaced by a block of 
agar impregnated with auxin which in many respects behaves toward 
the remaining coleoptile stump as though it were the original tip. The 
stream of down-moving auxin is deflected to the unlighted side of the 
stump when the latter is unilaterally illuminated. This causes the 
plant to bend toward the light. In addition, van Overbeek (1933) has 
shown for Raphanus that the sensitivity of the stump cells to the 
growth-promoting action of auxin is reduced by light. This latter 
effect very likely causes the base growth responses recorded by Went. 
The base bending responses observed in the present experiments could 
thus be caused by a decrease in sensitivity to auxin on the lighted 
side supplemented by a deflection of auxin to the unlighted side. 

The effects of illumination on the tip are somewhat different. A 
number of observations had suggested and F. W. Went (1926) demon- 
strated on Avena that as the intensity of light falling on the excised 
tip is increased up to 1,000 meter-candle-seconds the amount of auxin 
coming out of the tip is diminished.‘ Further increases in intensity 


* Unless one is prepared to accept the older view that products of the photo- 
receptor process formed in the tip move down to the base and there inhibit growth, a 
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cause an increase in auxin. (For other examples of an increase in auxin 
on illumination, see Thimann and Dolk, 1933). 

Thus with the naked plant, at low intensities one would expect 
positive responses to unilateral illumination due to a decrease in the 
amount of auxin coming down from the tip on the illuminated side 
(tip responses). At higher intensities, but not exceeding 1,000 meter- 
candle-seconds, one would expect base responses involving auxin 
deflection to the distal side and decrease of sensitivity to the action of 
auxin on the proximal side. (These occur earlier than the tip responses 
and in reaction time studies are the only ones recorded at these in- 
tensities.) At intensities just above 1,000 meter-candle-seconds the 
plant should first give positive base responses (for the reasons just 
given) and then after a few minutes, negative responses due to the 
accumulation of additional auxin on the proximal side of the tip. If 
the tip is shielded, the negative responses should not occur (Arisz 
actually observed this). At still higher intensities positive base 
responses not followed by negative ones might be expected to appear 
provided the accumulation of auxin in the tip reaches its maximum at 
these intensities and the inhibitory and deflecting effects of illumina- 
tion of the base are again able to dominate. 

Arisz’ results and the variations in reaction time and direction of 
response with increasing intensity here recorded are entirely consistent 
with these deductions. This is perhaps less obviously true of the rise 
in reaction time at intensities above 1,000 meter-candle-seconds than of 
the regular decreases and the negative responses. That reaction 
times should rise as they do at these intensities may be readily seen by 
assuming with Blaauw, as indeed we must in view of the present find- 
ings regarding the significance of the reaction time, that the products 
of a photochemical reaction control the speed of a secondary process 
whose products set in motion the bending mechanism. It then follows 
that more time will be required (i.e., longer reaction times) for accumu- 
lation of the necessary concentration of secondary products to deflect 
the greater quantity of auxin present at these intensities.® 
general reduction in the outflow of auxin from the tip such as Went observed must be 
supposed to occur in order to explain the inhibition of vertical growth rate on general 
illumination of the tip alone. However, the existing evidence on this point does 
not entirely rule out the older conception, at least as a concomitant process. 

5 In this outline the possible influence of the less intense light which reaches the 
distal side of the coleoptile has been neglected. Van Dillewijn (1925) has estimated 
this to be about 1/30 of the proximal intensity. Hence some effect should be noted 
at about 30 times the threshold intensity. It happens that this is almost precisely 
the intensity at which the rise in reaction time begins to appear. This may be no 


more than a misleading coincidence because, while a decrease in total bending is to be 
expected and was indeed observed (Arisz, 1915), on the other hand a lengthening 
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A fact which should repay further study is that the difference in 
value of the constant m appearing in the tip and base reaction time 
equations (18 — 10.2 = 7.8 minutes) is very nearly the average differ- 
ence in reaction time (9 minutes) between positive and negative re- 
sponses. These differences should be equal if, as we suppose, they 
both represent the time necessary for a change in the quantity of 
auxin flowing from the tip to be registered as a bending of the basal 
zone of the coleoptile. 

Finally, the fact that the tip and base bending mechanisms are 
probably not the same is consistent with the differences here found 
between the absorption spectra of the photosensitive substances 
located in these two zones. 

The fact here established that the photic mechanism underlying 
the response of Avena to light may be given a simple chemical inter- 
pretation not unlike those applying to several other organisms is 
neither surprising nor of special significance. Of more immediate 
importance to future studies of this plant is the observation that it 
possesses two anatomically separable photic systems functioning at 
different intensity levels and having different absorption spectra. 
The analogy of this to the rod and cone mechanism of the vertebrate 
retina is obvious. The rods and cones are anatomically distinct, 
function at different intensity levels, and show a certain difference in 
their spectral visibility curves. Until these facts about the eye were 
established, the data on vision could not be properly evaluated. 
Since Avena is so widely used in studies of the light reactions of plants, 
it is important to know that it has a similarly dual photoreceptor 
mechanism. 

SUMMARY 


The reaction time for positive phototropic responses of Avena 
sativa for short exposures to white light decreases with increasing 
intensity up to about 1,000 meter-candles, and then increases. The 
response curve shows two parts, indicating a double photoreceptor 
process. The two response curves are rectangular hyperbolas, from 
which it is deduced that the speed of the initial reaction time process 
is a logarithmic function of intensity. 
of the reaction time from this circumstance involves the rather improbable condition 
that a subliminal concentration of distal photoproducts is able to produce an effect 
resembling a reduction in the concentration of proximal photoproducts. It is never- 
theless possible to describe the reaction time data for these intensities in terms of 
these ideas by assuming that the final latent period velocity [1/(r — m)] at a given 
illumination is proportional directly to the proximal light effect and inversely to the 


distal effect, and that the coleoptile transmission is 1/34. The two ascending curves 
of Fig. 2 were computed in this manner. 
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When only the first 1.5 mm. of coleoptile tip is stimulated, only 
one response curve is obtained. When all but the upper 3 mm. of 
coleoptile is‘ exposed, the other single curve is obtained. Hence the 
two photoreceptor systems have separate loci. 

The relation between reaction time and relative energy found 
when homogeneous lights of various wave-lengths fall on naked and 
partly shielded coleoptiles yields two distinctly different spectral 
sensibility functions, a tip and a base response. While Bergann seems 
to have observed only base responses, the single functions reported by 
four other investigators appear to represent tip responses in spectral 
regions of greater tip sensibility and base responses in regions of greater 
base sensibility. 

The bearing of these findings on the theory of phototropism is 
discussed. 


It is with pleasure that the writer expresses his obligation and gratitude to Pro- 
fessor Selig Hecht for guidance and encouragement throughout this investigation. 

Thanks are also due Professor Sam F. Trelease of the Department of Botany 
for many helpful suggestions regarding the plant literature, and Mr. Simon Shlaer of 
the Laboratory of Biophysics for advice and collaboration in the construction and 
calibration of the apparatus. 
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EFFECTS OF ALCOHOL ON NERVES. Carl Caskey Speidel. 


Practically any degree of neuritis may be induced in living frog tadpoles if these 
are immersed in dilute solutions of alcohol for suitable periods of time. Direct 
observations on living alcoholized tadpoles reveal that irritated myelinated fibers 
exhibit vacuolation, fibrillation, swelling, globule formation, and in extreme cases 
complete degeneration of some myelin segments. The node of Ranvier, however, 
resists swelling. Neurofibril-like structures become visible during the early stages of 
neuritis, as well as during the process of reduction and recovery of swollen fibers 
following irritation. Myelin globules cut off during irritation are readily re-incor- 
porated into the myelin sheath during recovery. 

Prolonged irritation causes complete degenerative metamorphosis of the more 
distal, but not the more proximal, myelin segments of a fiber. Mild daily intoxication 
of brief duration, even though continued for many weeks, causes little damage to 
nerves. The slight irritative changes that appear each day during treatments are 
quickly repaired. Under these conditions nerve growth continues, including myelin 
ensheathment of fibers and the origin and extension of new nerve branches. 

The growing tips of regenerating fibers respond to alcohol treatment by marked 
retraction. Quick recovery with new growth follows replacement of the animal in 
pond water. 

Irritated cutaneous nerve endings exhibit swelling, retraction, and occasionally 
autotomy. Essentially, the processes of retraction and recovery are like those of 
regenerating nerve tips, though they are less conspicuous. 

Unmyelinated fibers ensheathed with neurilemma, and sheath cells of Schwann, 
except for the presence of an occasional vacuole, exhibit little change during irritation. 
Sheath cells may divide mitotically without injury in animals under treatment with 
alcohol of sufficient strength to cause marked irritation of myelinated fibers. 

Ciné-photomicrographs of both the normal and fast motion types have been 
obtained which record the principal changes in nerve fibers during alcoholic neuritis 
and recovery. 


SUCCESSIVE INJURY AND RECOVERY OF STRIATED MuscLE. Carl 
Caskey Speidel. 


With suitable electrical stimulation any degree of injury may be induced in a 
fiber of striated muscle in a living frog tadpole. A single fiber was successively 
injured several times and the process of repair observed after each injury. Motion 
pictures, taken daily, record in minute detail the various structural changes in the 
fiber during its entire history of injury and recovery, as follows: 

April 3: moderate injury with conspicuous ‘‘retraction cap”’ and loss of striz at 
one end, followed by liquefaction of retraction cap, elongation, and development of 
new cross striz. 

April 5: severe injury with retraction, fibrillation, swelling, loss of all cross striz, 
and ultimate phagocytosis of everything except a few muscle nuclei, followed by stages 
in regeneration including myoblast mitosis, myotube formation without cross striz, 
origin and growth of myofibrils, cross striz, and of the fiber as a whole. 
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April 17: slight injury with some fibrillation, swelling, and loss of a few cross 
striz at one end, followed by rapid repair. 

April 18: moderate injury with conspicuous retraction cap, loss of some cross 
strie, fibrillation, differential slipping of groups of myofibrils with loss of perfect 
alignment of cross striz, followed by recovery during the next two days with restora- 
tion of normal conditions. 

April 20: injury during treatment of the tadpole with hypertonic solution of 
sodium chloride. 

An abnormal type of muscle contraction resembling that of arthropods is caused 
by suitable treatment with solutions of sodium chloride or calcium chloride. This 
type of contraction exhibits two striking features: (1) the zone of contraction is 
sharply localized, covering only about a dozen striation units; (2) the node of con- 
traction advances relatively slowly along the fiber. It may proceed in either 
direction. 


OVULATION IN THE FROG. Roberts Rugh. 
July 9 
THE LIBERATION OF ENERGY DURING THE SIMPLE TWITCH OF SKEL- 
ETAL MuscLe. Dugald E. S. Brown. 


THE EFFECT OF ORGANIC IONS ON THE NERVE MEMBRANE POTENTIAL. 
W. Willbrandt. 


RESPIRATORY POISONS AND THE FREQUENCY OF THE EMBRYONIC FISH 
Heart. Kenneth C. Fisher and Laurence Irving. 


RESPIRATORY METABOLISM DURING CARDIAC INHIBITION. W. E. 
Garrey. 


THE RESPIRATORY METABOLISM OF THE SEAL. Laurence Irving. 


July 16 


SoME SURFACE PHENOMENA IN CENTRIFUGED SEA URCHIN EGGs. 

Ethel Browne Harvey. 

THE EFFECTs OF CENTRIFUGING THE EGGs OF NUDIBRANCHS. Donald 

P. Costello. 

The fertilized eggs of a number of Pacific Coast nudibranchs were centrifuged 
with very high centrifugal forces during maturation and early cleavage.- The polar 
bodies were induced to form at the hyaline zone by centrifuging before the maturation 
divisions. In some cases the early cleavage planes passed through the induced posi- 
tion of the maturation body rather than through the pole of the egg. Hyaline 
fragments of these eggs occasionally cleaved with the normal spiral cleavage pattern. 
THE PERMEABILITY OF THE NUCLEUS OF AMEBA TO DyYESTUFFs. 

L. Monné. 


CorRTICAL CHANGES IN CELL Division. Robert Chambers. 
July 30 


QUANTITATIVE STUDIES ON THE RATE OF REGENERATION OF TUBU- 
LARIA. L. G. Barth. 
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SEx-MODIFICATION IN THE CHICK EMBRYO RESULTING FROM INJEC- 
TIONS OF MALE AND FEMALE SEXx-HoRMONEs. B. H. Willier, 
R. F. Gallagher, and F. C. Koch. 


PHYSIOLOGY OF OVULATION AND EJACULATION IN THE OYSTER. Paul 


S. Galtsoff. 
August 6 


THE PERMEABILITY OF THE ERYTHROCYTE TO HEAVY WATER. A. 
K. Parpart. 


KILLING ORGANISMS WITH CHROMIUM AS FROM INCOMPLETELY WASHED 
BICHROMATE-SULPHURIC CLEANED GLASSWARE. Oscar W. Rich- 
ards. 


Concentrations of from 0.1 to 1.044. /mi. of bichromate may occur when small 
amounts of water are used in dishes which have been cleaned with potassium bi- 
chromate sulfuric acid cleaning fluid and washed with seven changes of tap water and 
three of distilled water. Laug has further demonstrated the difficulty of removing 
these remaining traces of bichromate. The above amounts of potassium bichromate 
are shown to be sufficiently toxic to invalidate experiments made with yeast, Oscil- 
latoria, two species of Spirogyra, and developing Amblystoma eggs. A desmid and a 
diatom were less affected by the bichromate but the former (Raphidium) was injured 
by 1.0 mg./ml. of bichromate. Only 50 per cent of the Amblystoma hatched as normal 
tadpoles when the bichromate concentration was only 0.0001 mg./ml. Unless it is 
known that the washing of glassware cleaned in this mixture is adequate, or that the 
organisms used are not poisoned by such traces as may remain, it is recommended that 
less toxic cleaning solutions be used. The cleaning of micro-respiration apparatus 
should receive special attention. Other cleaning materials that wash off more easily 
are Sapolio, 10 per cent nitric acid or 1 to 5 per cent trisodium phosphate. 


THE EFFECT OF OXYGEN CONSUMPTION ON ALCOHOLIC FERMENTATION 
IN YEAST Extracts. C. V. Smythe. 


THE SCOPE OF THE CHEMICAL METHOD OF ESTIMATING HEMOGLOBO- 
CARBAMATE. J. K. W. Ferguson. 


In hemoglobin solutions to which alkali and BaCl, have been added, hemoglobo- 
carbamate slowly dissociates; the CO. changing to CO;. When this process is 
complete the addition of Naz:CO; to provide a more bulky precipitate allows the 
complete centrifuging down of the CO; as BaCO;. It may then be concluded that 
the chemical method of Ferguson and Roughton (J. Physiol., 83, 1934) is applicable 
even when the total CO, content of the original solution is low. The rate of dis- 
sociation of HbCO; at about pH 12 has been studied at different temperatures. It 
seems evident that considerable loss of Hb—CO, must occur during an analysis. 
Previously published results may be as much as 25 p.c. low. 

The method has been applied to solutions of human hemoglobin. The conclu- 
sions drawn from experiments on beef hemoglobin have been confirmed. 


DACRYORRHETIN: DEMONSTRATION OF ITs ACTION BY A KODACHROME 
Fitm. Shiro Tashiro and Helen Stix. 


A substance or a fraction was isolated from dogfish muscle which has the property 
of making an animal weep when injected into the intraperitoneal cavity. To desig- 
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nate this property we have named this compound dacryorrhetin (G. dacryo, tear; 
rhoia, flow), a term derived for me from Greek by Mr. R. A. Brower, of Harvard. A 
similar compound has also been isolated from beef steak and steer’s blood; Miss 
Stix has prepared it from beef’s heart. The motion picture which Miss Stix and I 
prepared for the purpose of demonstrating this action will show in the natural colors 
the following points: the weeping of ‘‘ milky tears” by guinea pigs and rabbits and of 
light ‘‘milky tears” by mice; the shedding of ‘‘ bloody tears” by rats; salivation by 
chicks and a cat; a temporary paralysis in guinea pigs and chicks. The other actions 
such as causing copious flow of ordinary saline tears in cats and dogs, and producing 
gastric ulcers in guinea pigs are not included in this film. 


August 13 


A CONSIDERATION OF BIOLOGICAL FAcToRS INFLUENCING THE RADIO- 
SENSITIVITY OF CELLS. Paul S. Henshaw. 


It has often been observed that cells and organisms which are more active in 
growth and mitosis are more vulnerable to short wave-length radiations such as X- 
rays. This has given rise to the generalization that the radiosensitivity of cells 
follows hand-in-hand with metabolic rate and biological activity in general. Further, 
the belief exists that organisms are more vulnerable to radiation because they are 
more active biologically. 

Experiments have been carried out to investigate these relationships. Growth 
activity in a certain organism, Triticum vulgare Villars (wheat), was caused to vary 
over wide ranges by various means and the susceptibility to radiation determined 
during the intervals when growth rate differed widely. This was done in an attempt 
to determine whether the radiosensitivity varied in the same way and at the same 
time. The results obtained showed that it followed growth activity closely in some 
cases, less in other cases, and little or none in others. Further experiments showed 
that changes in radiosensitivity take place quite independently of biological behavior 
such as mitotic activity, respiratory rate, and water uptake. From this it is apparent 
that while radiosensitivity and certain forms of biological activity may often go hand- 
in-hand, these factors are not inseparably connected. 

Since radiation, as such, does not act on activity but upon matter—the proto- 
plasmic constituents of which living objects are composed, it is clear that the radio- 
sensitivity is associated with the more inherent properties of cells, first their con- 
stituents and how they are organized and then how such organization varies from 
time to time. Correlating radiosensitivity with any biological activity is, therefore, 
the first of a two-phase problem and the experiments described have dealt with the 
first phase only. The second phase is a matter of showing that the particular 
biological activity in question is an expression of the protoplasmic constituents which 
are affected by the radiation. 

Since radiation acts only on matter and not activity, it is clear that organisms 
cannot be more vulnerable to this agent simply because they are more active bio- 
logically in some way or other. 


THE SIGNIFICANCE OF Mip-BopiEs. Henry J. Fry. 


THE INTERGENERIC HOMOLOGY OF A EUCHROMOSOME IN SEVERAL 
CLOSELY RELATED ACRIDIN®. J. G. Carlson. 


PHYLOGENETIC SIGNIFICANCE OF SOME STRUCTURAL CONDITIONS IN 
THE ORTHOPTERA. C. E. McClung. 
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August 20 


ON THE NUTRITIONAL REQUIREMENTS OF MosgQuito LARvV&. William 
Trager. 


THE EXPERIMENTAL PRODUCTION OF TUMORS IN RATS THROUGH 
CELLULAR MALNUTRITION. J. E. Davis. 


DARK ADAPTATION IN THE INSECT DINEUTES AsSIMILIS. Leonard 
B. Clark. 


The course of dark adaptation was followed in the aquatic beetle, Dineutes 
assimtlis, by finding the threshold intensity to which specimens would react after 
various measured periods in the dark. Observations were made after light adaptation 
to intensities of 6.5, 91.6 and 6100 foot candles. 

The results are described by an equation similar to that of a bimolecular isotherm. 
On analysis the average values of the velocity constant were 1.324, 1.477, and 1.282 
for the three series of data. The average for all readings was 1.326. 


PROTEIN Lipip BINDING IN PROTOPLASM. L. V. Heilbrunn. 


When an Arbacia egg is centrifuged, the light fatty constituents of the proto- 
plasm are massed at the centripetal pole to form the so-called gray cap or oil cap. 
This cap is normally very small. If, however, eggs are exposed to mixtures of sea 
water and isotonic solutions of ammonium salts and are then centrifuged at varying 
intervals, the oil cap increases greatly in volume, until after 8 or 10 hours it occupies 
a considerable fraction of the egg. Various salts of ammonium all produce this effect. 
Thus chloride, sulphate, acetate, and oxalate were successfully used. The effect was 
also obtained with ammonium hydroxide; not, however, with sodium hydroxide, 
which apparently kills the cell before it penetrates. 

Although there is a great increase in the oil cap, chemical analyses indicate no 
change in the total lipid content of the egg, and the visible changes observed are 
apparently due to a release of bound lipid material. Ammonium salts are known to 
cause an alkalinization of the cell protoplasm and it is believed that the release of the 
lipid is due to this factor. This view is supported by the fact that when carbon 
dioxide is added to the medium, no increase in the volume of the oil cap occurs. 

The eggs of the clam Cumingia behave like those of Arbacia when treated with 
ammonium salts, although in this instance the effect is not so striking. Very clear 
results may be obtained with Amoeba proteus. Thus when these organisms are ex- 
posed to dilute solutions of ammonium chloride and are then centrifuged after a few 
hours there is large accumulation of lipid at the centripetal pole of the cell, although 
control amcebe show no such accumulation. 

It is believed that in protoplasm generally alkalinization causes a release of bound 
lipid. The theoretical bearing of these observations will be discussed in the complete 
paper. 


THE EFFECT OF CRUDE OIL POLLUTION ON MARINE LIFE. Paul S. 
Galtsoff. 
August 27 


DIFFUSION POTENTIALS IN BIOLOGICAL SysTEMs. H. Burr Steinbach. 


THE ROLE OF IONS IN VALONIA AND IN NITELLA. W. J. V. Osterhout. 


Experiments indicate that in these cells (as in many others) the protoplasmic 
surface consists of a liquid layer with a low dielectric constant. Kraus has shown that 
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in such media charged complexes are formed. Hence if we place in the external 
solution K*, we may have in the protoplasmic surface not only K* but also such 
charged complexes as (KX )*, (KX 11)*, where X1 and Xy1 are elements or radicals. 

Owing to the formation of such complexes the diffusion potential of KCI might 
seem to be much greater than that of NaCl in the protoplasmic surface. In con- 
sequence the calculated mobility of K* might appear to be much greater than that of 
Nat. This may explain the following facts. 

We find the following mobility ratios (taking the mobility of Cl- as unity). 


ll 


In water K + Na = 0.99 + 0.66 = 1.5 
In Nitella K + Na = 85.45 + 2.18 = 39.2 
In Valonia K + Na 20 + 0.2 = 100 


(likewise in muscle and in nerve the mobility ratio K + Na may have a high value). 

As such differences are not explainable by solvation or by the partition coefficients 
of simple ions, it would seem that they can be accounted for only by the formation of 
charged complexes. 

Changes in such complexes might well be brought about either by removing 
substances from the protoplasmic surfaces or by adding them to it. This could 
explain the change of apparent mobilities from K>Na to Na>K in Nitella by treat- 
ment with distilled water,| and from K>CI>Na to Na>Cl>K in Valonta by 
treatment with guaiacol (the cells are not injured by these two methods of 
treatment). 


THE MANNER OF ENTRANCE OF AMMONIUM SALTS INTO CELLS. M. 
H. Jacobs and Dorothy R. Stewart. 


Ammonium salts of the type NH,A, where HA is a weak acid, usually enter cells 
with ease; this behavior is plausibly accounted for by the presence, through hydro- 
lysis, of NH; and undissociated HA, to both of which cells are, in general, permeable. 
Salts of the type NH,Cl, which give rise to the single penetrating molecule NHs, 
tend to make the interior of cells exposed to them more alkaline, but do not 
enter in sufficient quantities to cause appreciable osmotic volume changes except in 
the case of the erythrocyte which is permeable to anions. On adding a salt of the 
type BA to an isosmotic solution of NH,Cl, the readily penetrating salt, NH,A, is 
formed; this, however, does not <istribute itself equally between the cell and its sur- 
roundings but according to the approximate equation: 





: KaKy -. 
[NH4A Jinside ” a K = CNHs Joutside x CHA Joutside- 


Calculation shows that for the salts Na acetate and NaHCO; a considerable 
excess of internal osmotic pressure may be set up in this way; Na borate, on the other 
hand, is osmotically relatively ineffective. The behavior of the Arbacia egg is in 
good agreement with this theory. In solutions of NH,Cl or KCl isotonic with sea 
water these eggs retain their original volumes. The addition of NH, acetate to KCI 
leads to a shrinkage followed by a return of the cell to its original volume; a similar 
addition of NH, acetate to NH,CI leads after an initial shrinkage to an increased 
final volume. Furthermore, while a considerably increased final volume results from 
the addition of Na acetate to NH,Cl, the same is not true of Na borate. These results 
are believed to permit a more plausible explanation of the behavior of the erythrocyte 
in mixed solutions of ammonium salts than that of @rskov which postulates a perme- 
ability of the cell to the NH,* ion as such. 


! Experiments in collaboration with S. E. Hill. 
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SoME ASPECTS OF ELEKTROLYTE DIFFUSION.* Torsten Teorell. 


Based upon the classical theories of Nernst and of Planck a theory has previously 
been published (Teorell, Proc. Nat. Acad. Sct., 21, 152, 1935) dealing with the steady 
state conditions in regard to ionic distribution in aqueous systems where one elek- 
trolyte was steadily diffusing, creating a diffusion potential. The concepts have now 
been extended in stating that any electrically charged particle, regardless of its size, 
is bound to be subjected to influence of diffusion potentials present in the system, 
positively charged particles being moved towards the negative part of the diffusion 
potential field and negative particles in the opposite direction. 

Experimental results were demonstrated confirming the theoretical expectations. 
The technique used consisted in principle in maintenance of a steady diffusion 
gradient of a suitable electrolyte across a convection-proof boundary (a porous 
membrane: cellophane, ‘‘ Membranfilter,” filter paper) surrounded by two solutions 
containing the material under investigation. In several cases the conditions within 
the diffusion layer itself were investigated by means of the ‘“‘multimembrane”’ 
arrangement (Teorell, Science, 81, 491, 1935). Cases of accumulation and impover- 
ishment were shown of inorganic ions, proteins, and colloidal suspensions. It was 
suggested that the technique could be used as a procedure for separation of sub- 
stances in mixtures. 

Finally it was emphasized that the “diffusion effect’’ upon ionic, colloidal etc. 
distribution, is not any electrolysis or cataphoresis effect, because no external E.M.F. 
is applied and no current is flowing. The diffusion effect is to be interpreted in 
terms of exchange of charged particles due to differences in mobility. 

The bearings of the diffusion effects upon biological conditions were briefly 
mentioned. 


August 29, 1935 


STUDIES ON THE PHYSICAL PROPERTIES OF THE PLASMA MEMBRANE. 
Robert Chambers. 


The unfertilized mature egg of Arbacia can be rendered practically naked by 
washing in isotonic KCl and manipulating with microneedles. The surface of the 
egg is now occupied by a thin layer or film the integrity of which is essential for the 
life of the egg. Pressing the edge of the egg with the side of a horizontal needle 
against the coverslip may separate the film from the underlying granular cytoplasm, 
a clear zone of water-miscible fluid appearing between. 

The film adheres to clean glass needles and is easily deformable. Strands 
dragged from it can be pinched off into spherical vesicles. Disrupting the film by 
tearing causes it to disappear whereupon cytolysis occurs. A fresh droplet of oil 
applied to the film snaps in making a flattened surface of contact on the inside of the 
film. An oil droplet allowed to remain for a few seconds in the sea water before 
touching the film simply adheres to it. 

By pushing the egg in a shallow hanging drop the surface film can be made to 
flow. To demonstrate this two oil droplets are made to adhere to the surface, one 
being free and the other held by the delivery pipette. The egg is then pushed, upon 
which a churning movement occurs, the surface at the sides of the egg flowing for- 
ward while that on the top and bottom flow backward. The free, adhering droplet 
is carried along with the current while the other held by the pipette remains stationary 
although adherent to the streaming film. These experiments indicate that a thin 
film on the surface of protoplasm can be lifted off the underlying granular cytoplasm, 
it is fatty and it can be made to flow as a liquid. 


* The details of this paper will be published in the Jour. Gen. Physiol. 
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MICROMANIPULATION OF EGG AND NuRSE CELLS IN BOMBYX MORI. 
Hope Hibbard and Robert Chambers. 


Cytoplasmic bridges connecting nurse cells with each other and with the egg of 
Bombyx have been demonstrated in sections of the maturing ovary. By the method 
of microdissection and microinjection, these can be shown in the live cell and sub- 
stances can be made to pass through them. Dyes like phenol red injected into one 
cell of the group readily diffuse to all connected cells but not into adjacent cells to 
which there are no bridges. An oil drop forced into a nurse cell ran through the 
bridge into the egg and remained in a dumb-bell shape, part in the nurse cell, but the 
greater part in the egg, and the connection in the bridge. The consistency of the 
cytoplasm of the nurse cell is relatively much higher than that of its larger nucleus 
so that the tip of a pipette inserted into the cell tended to enter the nucleus. Under 
such a condition the injected oil filled and distended the nucleus without passing 
through the bridge to the egg cell. However, when the pipette lay in the cytoplasm, 
the oil ran readily on into the egg. On the other hand, an oil drop forced into an egg 
was increased in size until much larger than the previous one in the nurse cell, and 
yet it showed no tendency to pass through the bridge backward. The egg was much 
more easily distended and inflated than the nurse cell. This may be an explanation 
of the apparent ‘‘one-way valve” allowing material to pass from the nurse cell to egg 
cell but not backward, in the same direction the storage products normally pass from 
one to the other. 


BUDDING OF CHLOROPLASTS AND EXTRA CHLOROPLAST FORMATION 
IN SprROGYRA. Leonard B. Clark and E. E. Dale. 


PARTHENOGENETIC MEROGONY OR CLEAVAGE WITHOUT NUCLEI IN 
ARBACIA PUNCTULATA. Ethel Browne Harvey. 


The pigmented halves of Arbacia eggs, obtained by pulling apart the whole eggs 
by centrifugal force, serve as the material used in this study. Since the nucleus 
invariably goes to the lighter pole of the egg, the heavier red halves never have nuclei. 
Enucleate quarter eggs have also been used, obtained by further centrifuging of the 
red halves which pull apart into yolk quarters and pigment quarters. 

When these enucleate halves and quarters are treated with parthenogenetic 
agents such as concentrated sea water, they throw off fertilization membranes. When 
transferred to sea water, cytasters appear in the eggs after about an hour, and after 
two or three hours cleavage planes come in. I have observed in many living frag- 
ments, especially in the yolk quarters, a large monaster, followed by an amphiaster, 
and this later by a cleavage plane between the two asters in quite typical form. By 
subsequent cleavages, three, four, five and many cells are formed, sometimes equal, 
sometimes unequal. Blastule of a hundred or more cells have developed from these 
non-nucleate fragments, quite normal in appearance, but as yet no swimmers. 

The cleavages of these artificially activated enucleate halves and quarters re- 
semble in every way (in the living material) those occurring in similar fertilized halves 
and quarters and in whole eggs (with nuclei) centrifuged and then fertilized, except 
that they occur much more slowly and there are no nuclei visible during the resting 
stages. They are also similar to those occurring in whole and half eggs, nucleated, 
activated by parthenogenetic agents. 

Parthenogenetic merogony, or cleavage without nuclei, means, of course, that 
development may begin without either maternal or paternal chromosomes, and this 
involves fundamental problems of heredity and evolution. 
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THE QUANTITATIVE DETERMINATION OF MITOTIC ELONGATION. Leon 
Churney. 


Curves have been plotted to show the course of mitotic elongation in the Arbacia 
egg at first cleavage. For eggs possessing fertilization membranes, the elongation is 
11.5 per cent. When eggs are divested of their fertilization membranes, the elonga- 
tion is 39.4 per cent. The data obtained are being used as a basis for further 
experimentation. 


THE HYALINE ZONE OF THE CENTRIFUGED EGG OF NEREIS. Donald 
P. Costello. 


CHANGES AT THE SURFACE OF ARBACIA PUNCTULATA EGGs DURING 
MEMBRANE ELEVATION. Floyd Moser. 


A layer of small granules is imbedded in the inner margin of the cortical layer of 
Arbacia punctulata eggs. These granules resist movement under the influence of high 
centrifugal forces. 

During the normal fertilization process, the cortical layer granules break down 
in wave-like fashion, beginning at the point of sperm entry and ending at the opposite 
side of the egg. An average of 8.5 seconds at 25.7° C. is required for the completion 
of the wave. Membrane elevation progressively follows the wave of granule 
breakdown. 

When the light portion, or the light fragments of centrifuged eggs are slightly 
punctured with a microdissection needle, cortical layer granule breakdown occurs in 
wave-like fashion, followed immediately by membrane elevation around the light 
pole; membrane elevation follows at a relatively slow rate around the heavy pole. 
This membrane is the same as the fertilization membrane. Puncture of the yolk 
or pigment layers results only in local cytolysis. 

Artificial parthenogenetic agents cause a change at the surface of centrifuged and 
uncentrifuged eggs similar to that caused by sperm entrance. In the presence of 
saponin, the ‘‘wave” and subsequent membrane elevation occur at the heavy pole 
first. 

In all cases, breakdown of cortical layer granules is accompanied or followed by a 
disappearance of granules in the so-called fifth layer of centrifuged eggs. Following 
artificial stimulation, there is typically a cytolysis of this layer. 

The above described phenomena do not take place in the absence of calcium. 
It is suggested that the reaction described is a surface precipitation reaction, involv- 
ing a stimulus, the presence of calcium, the breakdown of granules, the subsequent 
release of the fertilization membrane and the establishment of a new membrane on 
the surface of the egg. 

These observations are to serve as the basis of future experimentation. 


LOCALIZATION OF PEPTIDASE ACTIVITY IN THE EGGs OF ECHINA- 
RACHNIUS AND ARBACIA. Heinz Holter. 


Using the enzymatic micromethods developed by Linderstr@ém-Lang and the 
author, an attempt was made to establish a quantitative correlation between the 
distribution of cytoplasmic constituents of eggs and their peptidase activity (Substrate 
Alanylglycine). 

Arbacia eggs were stratified and separated into two halves by centrifuging, the 
halves containing different layers of the formed bodies (mitochondria, yolk, etc.). 
Ten eggs or egg-halves were used in each determination. It was found that the 
activity was unequally distributed, the centripetal half being 3—4 times as active as 
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the centrifugal one. Since both halves showed enzymatic activity, all cytoplasmic 
constituents contained’ in one half only could be ruled out as bearers of the enzyme. 
Of the cytoplasmic constituents contained in both halves, only the hyaline plasma 
(matrix) showed a distribution similar to that of peptidase activity. 

The volume of the hyaline plasma or matrix material was taken as equal to the 
total volume minus the volume of the formed bodies (measured by E. N. Harvey; 
in every case the ratio of matrix volumes for the two egg-halves agreed within 10 per 
cent with the corresponding ratio of peptidase activity. 

The same relation holds true for the eggs of Echinarachnius. In this case, 
determinations could be made on single eggs or egg-parts. The egg-parts were 
secured by cutting stratified and elongated eggs on the micromanipulator. By this 
method it was possible to vary the distribution of egg constituents arbitrarily. 

The ratio of total volumes for the upper and lower parts of the cut eggs was 
varied from 0.4 to 2.7, corresponding to a variation in the ratio of matrix volumes of 
0.45-4.9. In every case the ratio of peptidase activities and of matrix volumes 
agreed within 10 per cent. 

It is concluded, therefore, that peptidase is diffusely distributed, and is probably 
dissolved in the hyaline plasma or matrix of the egg cytoplasm. 


EARLY STAGES OF OSSIFICATION. E. Alfred Wolf and Thomas F. 
McBride. 


A modified silver nitrate method, developed by Gomori (1933), was used; it was 
successfully applied to whole embryos and heads of new-born rats. Sections of 10-15 
microns were made which showed that the silver nitrate and the other reagents had 
evenly penetrated the tissues. The sections were stained in hematoxylin-eosin. 

Loci of calcification can be recognized by the black silver that has replaced the 
calcium salts. In the vertebrz it was seen that calcification begins at the periphery 
of the cartilage, in a hyaline layer of fibroblast origin; but it is soon followed by the 
appearance of calcium deposits in the intercellular spaces of the cartilage, the first 
traces of which are seen there, where three cells touch. In the skull dermal and 
cartilagenous bones can be easily identified. 

The method should be valuable for comparative anatomical and embryological 
studies. It is also intended to be used as a guide in micro-chemical phosphatase 
determinations of calcifying tissues. 


EARLY STAGES OF CALCIFICATION IN TEETH. Thomas F. McBride 
and E. Alfred Wolf. 


The Gomori silver nitrate method was used in the study of dentin and enamel 
formation in molars and incisors of embryos and new-born rats. The black deposits 
of silver that replace the calcium salts during the treatment of the tissues still permit 
the observation of structure in dentin and enamel under high power magnification 
(oil). The first deposition of lime salts occurs on that side of the predentin that 
borders on the ameloblast layer. The odontoblast cells are perfectly clear, with no 
traces of silver deposits. In the ameloblast layer the distal part of the cells that 
contains the nucleus is free of silver deposits; in the proximal part a gradual accumula- 
tion of silver can be seen, becoming very dense toward the end of the cells, forming 
here an apparently continuous black line running across the ameloblast cells. This 
line under high magnification resolves itself into individual dots—one for each cell. 
The upper part of the enamel itself can be seen to be composed of layers parallel to 
the surface that seem to be derived from the fusion of the intracellular dots of calcium 
salts mentioned before. The formation of enamel thus appears to be a rhythmical 
intracellular process. 
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OBSERVATIONS ON THE BEHAVIOR OF POLYMORPHONUCLEAR LEUCO- 
CYTES AS SEEN IN THE LIVING ANIMAL. E. R. Clark, Eleanor 
Linton Clark, and R. O. Rex. 


METHYLENE BLUE STAINING SEQUENCES IN THE WALLS OF THE 
DIGESTIVE TUBE OF THE FROG, RANA GRYLIO. Elbert C. Cole. 


With methylene blue intra vitam, a fairly regular staining sequence was demon- 
strated in the muscle tunics of the intestine and rectum of the frog. When dye con- 
centrations of about 1: 5,000 in physiological saline were used, extraordinary 
specificity for nervous tissue was observed. Nervous tissue was first to show the 
stain, followed by muscle tissue and by connective tissue elements. There was also 
a sequence in the staining of various parts of a nerve cell. The cytoplasm of the cell 
body stained first. In the course of a few minutes the nucleus became distinct, and 
the irregular outline of the cell body became clearly differentiated. Following this, 
the axone stained heavily. 

Although there was some variation in the twelve cases studied, and some over- 
lapping of staining of the various cellular elements, the results were sufficiently 
regular to justify the assumption that sequence in staining is related to differences 
in the viability of the various cellular elements. The concentration of the dye, the 
nature of the solvent, the availability of oxygen, and the duration of staining are also 
factors concerned with this phenomenon. 


THE EFFECTS OF ETHYL CARBAMATE AND OF POTASSIUM CYANIDE 
UPON THE STAINING CAPACITY OF GANGLION CELLS AND CELLS OF 
SMooTH MUSCLE TyPE. Elbert C. Cole. 


In methylene blue staining, intra vitam, the staining sequences observed were 
attributed to the relative viability of various types of cells in the body parts studied. 
Various substances were used to reduce the metabolic activity of cells. Ethyl car- 
bamate, used in conjunction with methylene blue, gave strikingly selective prepara- 
tions of the ganglion cells in the myenteric plexus of the frog, Rana clamitans. Potas- 
sium cyanide, on the other hand, gave a more general staining with methylene blue, 
and produced considerable distortion of cellular elements. 

In the radial muscles of the squid chromatophore, ethyl carbamate and methylene 
blue gave irregular staining results. Potassium cyanide and methylene blue, how- 
ever, produced excellent stained preparations of these cells, with but little cellular 
distortion. 

These results give evidence that the capricious nature of methylene blue staining 
can be controlled to some extent, and that it is probably possible to secure selective 
staining of a considerable number of types of cellular elements by variations in the 
composition of the staining solution. 


THE TOLERANCE OF ACETYL-SALICYLIC ACID BY SPERM AND EGGs OF 
ARBACIA. R. A. Budington. 


The analgesic and antipyretic properties of acetyl-salicylic acid, as familiar to 
all in ‘aspirin,’ seem to produce the same effects as are known to follow the acidifying 
of sea water with other agents, so far as holding metabolism in suspension, and thus 
prolonging the vitality of freed Arbacia germ cells. In certain solutions, e.g. with 
pH 6.77, sperm were found to retain fertilizing powers for 75 hours, in contrast to a 
normal 7-20 hours; similarly, eggs retain fertilizability, followed by normal develop- 
ment after treatment for 57 hours. Development in solutions of pH 6.77 and 6.15 
induces marked distortions of pluteus embryos. 
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THE SHEDDING REACTION OF ARBACIA PUNCTULATA. Louise Palmer. 


When a sea urchin is cut or injured, it sheds eggs or sperm. This is apparently 
due to the release of a substance or substances from the injured tissues. Grinding 
the gonads or whole animals produces concentrations of tissue extract sufficient to 
induce shedding; higher concentrations are obtained by heating the ground animal 
with isotonic sodium chloride. The extract is not injured by heating at boiling for 
10 minutes and is potent upon injection after being dialyzed or filtered. Its activity 
is antagonized by magnesium chloride. Spawning may be induced by (1) injecting 
the extract directly into the perivisceral cavity, (2) removing the animal from the 
water and placing a few drops on the aboral surface, (3) immersing the mature animal 
in a solution as low as 1 part extract to 75,000 parts of water sea. All latent periods 
are independent of the concentration and only upon injection is there a sex difference. 
Substances which cause shedding may also be obtained from Fundulus or frog muscle 
and from ground Astertas, Echinarachntius, or Ostrea. 

Potassium chloride induces shedding by injection of as low a concentration as 
.005 M in isotonic sodium chloride and by immersion in 1 part potassium salt to 30 
parts of sea water. Potassium is antagonized by magnesium chloride in the propor- 
tion of 1 to 7 for the isotonic solutions. Calcium chloride induces shedding by injec- 
tion of at least .06 M and by immersion in one part calcium to seventy-five of sea 
water. One part isotonic calcium is antagonized by two parts magnesium chloride. 
Sodium chloride does not cause a reaction except in the absence of other salts, and 
magnesium salts never cause a reaction. 


THE INDIVIDUAL SPECIFICITY OF BLOOD IN INHIBITING SELF-FERTILI- 
ZATION IN THREE SPECIES OF THE ASCIDIAN, STYELA. H. H. 
Plough. 


SEx INVERSION IN TEREDO AND ITS RELATION TO SEX Ratios. B. 
H. Grave and Jay Smith. 


LiGHT REACTIONS AND PHOTORECEPTORS OF DOLICHOGLOsSSUS KaA- 
WALEVSKYI. Walter N. Hess. 


Like the earthworm, Dolichoglossus orients negatively to all ordinary intensities 
of light and positively to very weak light. If the thickening in the subepithelial 
plexus at the base of the proboscis is injured, no further orientations of the body 
occur, but the proboscis still has the ability to orient negatively to light. 

A study of the photosensitivity of the different regions of the body by means of a 
pin-point light shows that the animal is sensitive to light over its entire body, the 
most sensitive regions being on the collar and at the tip of the proboscis. 

As in the earthworm, Dolichoglossus has special cells at the base of the body 
epithelium that appear to be concerned with light reactions. Some of these cells 
are at the ends of nerve fibres, but most of them are connected with other similar 
cells, forming chains. These cells vary considerably in their morphology, yet they 
all resemble somewhat the rods and cones of the vertebrate eye, some being more 
like rods and some more like cones. 

Since these special cells are more abundant in the regions having greater photo- 
sensitivity; since there are no other cells in these regions which stain with vital 
methylene blue which could be photosensitive; and since they seem to resemble in 
form the rods and cones of the vertebrate eye, it seems likely that these cells may be 
photoreceptor cells. 
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AN EXPERIMENTAL STUDY OF CLOT FORMATION IN THE PERIVISCERAL 
FLUID OF ARBACIA. James A. Donnellon. 


The clot is due to cellular elements, and no clotting can occur after these are 
filtered off. 

Tissue extracts of the shell or of any of the internal structures bring about 
clotting within a few seconds. These extracts are effective in dilutions of one to 
fifty. Extracts of Limulus, star-fish, crustaceans, molluscs, and shrimp produce 
the same effect, some being even more effective than Arbacia extracts. Extracts of 
frog muscle have no effect. 

One or two cc. of isotonic KCI cause clot formation within a few seconds. It 
can be diluted one to four. An isotonic MgCl, solution will prevent clotting if added 
in sufficient quantity. If an equal amount of MgCl, is added to KCI or to tissue 
extract, these substances no longer bring about clot formation. CaCl: seems to 
hasten clotting although it is not so effective as KCI. LiCl and NaCl solutions have 
no observable effect. 

Dilute solutions of fat solvents also cause clot formation. 

A 10 per cent solution of peptone will inhibit clotting. A 1 per cent solution of 
sodium oxalate is only slightly inhibitory. 

Solutions having a pH between 4.2 and 4.6 have a marked inhibitory effect on 
clot formation but do not prevent it entirely. 

The addition of any foreign body will cause a clot to form around it. 

If the peristomial membrane is cut a clot forms, closing in the opening. Similar 
clots have been observed in damaged parts of the intestinal wall. Scratching the 
inner wall of the test bring about a definite clot in that region. 

Arbacia eggs broken up in ground glass or boiled also bring about clot formation. 
Unheated whole eggs have no effect. 

The substance in the tissue extract responsible for the clotting effect will dialyze 
through a collodion membrane and is not destroyed by heat. 


KEEPING NEREIS FOR PHYSIOLOGICAL Stupy. Manton Copeland. 


Nereis virens in its natural environment is found principally in burrows in the 
sand or mud which are lined with mucus. If allowed to enter a glass tube open at 
both ends, which is placed in a shallow dish of sea water, it behaves essentially the 
same as it does in its burrows. Care should be taken to select a tube large enough to 
allow the animal to carry on characteristic undulatory movements of the body which 
draw the water through the tube. Moreover, the worm has the habit of turning 
frequently and its behavior is not normal if, on account of the too small diameter 
of the tube, it is unable to do this. 

The sea water should be changed once or twice a week and the tube cleaned from 
time to time. 

A constant diet of clam appears to keep the worm in a healthy condition. It 
requires only a few fragments (3 or 4 mm. in diameter) every day or two. These 
pieces of clam may be dropped at the end of the tube and juices emanating from them, 
when drawn into the tube, stimulate the animal to move forward to the food, which 
is immediately seized. It also will not hesitate to take the clam from forceps. 

By this procedure it is possible to keep individuals in excellent condition for 
physiological study for long periods of time. Several have lived for over a year or 
two, and one for nearly three years. 

My experience with Nereis has been confined to rather small animals, averaging 
about four or five inches in length. 
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SoME DIATOMS OF THE GREAT SALT LAKE AS INDICATORS OF PRESENT 
AND GEOLOGICAL WATER CONDITIONS.* Ruth Patrick. 


This study of the diatoms of Great Salt Lake was undertaken in connection 
with the geological survey of Dr. A. J. Eardley of the University of Michigan. By 
means of a Musselman peat borer, samples were taken from various depths below the 
surface. Collections of algz as well as surface sediments were also studied for the 
presence of diatoms. 

The deepest sample, taken twenty feet below the surface, shows the presence of 
many fresh water diatoms. This supports the theory of the origin of the present 
Great Salt Lake by evaporation from the fresh waters of the former Lake Bonneville. 
Later deposits show the presence of euryhaline and brackish water forms which 
indicate the successive increase in the salt concentration of the water. The occur- 
rence of fresh and brackish water diatoms in the craterlet muds of Rozell Point 
supports the theory of Eardley that swamps existed there in Pleistocene and Post- 
pleistocene times. 

From the samples studied, it is interesting to note that a truly marine flora seems 
never to have established itself in the lake. In the examination of surface muds as 
well as in samples of living algz I find no evidence of a diatom flora living in the lake 
proper today. This is to be expected in view of the fact that so few organisms can 
withstand the high salt concentration which exists in the lake. 


THE ANATOMY AND HISTOLOGY OF THE ALIMENTARY TRACT OF THE 
GRASSHOPPER, MELANOPLUS DIFFERENTIALIS THOMAS.T Charles 
Hodge, IV. 


This investigation is intended to be the first of a contemplated series to study 
correlation of diet with morphological change. The material here reported is from 
grasshoppers on satisfactory diets. The gross anatomy shows a typically acrididine 
arrangement. Fixation with B3 and staining in hemotoxylin and eosin shows that 
peritoneum, muscle and chitin in different areas vary only in arrangement and relative 
development. The epithelial cells of the various regions differ in structure as well. 
Modifications of the cytoplasmic elements of the cells are correlated with cellular 
activity. The chitinous spines of the fore gut are secreted by cells temporarily 
provided with conical, cytoplasmic processes for the purpose. The development of 
the spines can be traced, probably for the reason that immediately after ecdysis the 
cells do not all secrete at the same rate. The peritrophic membrane originates from 
a groove in the epithelium of the fore gut at its insertion into the mid gut. The 
epithelial cells of the mid gut and its six bilobed gastric ceca have a striated border 
of separate filaments, which are cilia-like in appearance but devoid of movement. 
The caeca are most active in digestive secretion, which is merocrine. Essentially 
different granules and vacuoles are secreted, and extruded by rupture of the cells, 
which are replaced from adjacent nidi. The epithelial cells of the rectal glands have 
a striated border similar to that of the mid gut, but not so clearly and uniformly 
filamentous in structure. 


CHANGES IN OSMOTIC PRESSURE OF TELEOST MUSCLE AS A RESULT OF 
CHANGES IN EXTERNAL SALT CONCENTRATION. Francis Leovey. 

Osmotic EXCHANGES OF PHASCOLOSOMA. E. F. Adolph. 

WATER CONTENT OF INSECTS IN RELATION TO TEMPERATURE AND 
Humipity. W. A. Dreyer. 


In preliminary experiments with the ant, Formica exsectoides, the body weight 
and total water content of workers was determined. Body weight varies from 6-17 


* Paper not delivered because of author’s late arrival. 
+ Paper not presented because of author’s late arrival. 
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mg. with 80.8 per cent of the individuals between 9 and 14 mg. The total water 
content of ants in all experiments varies from 64.8 to 81.6 per cent with a mean of 73.5 
percent. Active workers, at 22° C. and 70 per cent R. H., contain 66.9 to 81.6 per 
cent, mean 74.1 per cent. Hibernating workers, at 4° C. and 70 per cent R. H., 
contain 64.8 to 80.2 per cent, mean 72.8 per cent. There is no significant differ- 
ence (Student’s Method) in the total water content of active ants, hibernating 
ants, ants active in winter, or ants hibernating insummer. This insect maintains a 
relatively constant proportion of water in the tissues despite the modification of tem- 
perature and metabolic activity during hibernation. Experiments are being con- 
ducted with the flour beetle, Tribolium confusum, observing the relation of metabolic 
activity, as indicated by respiration, body weight, and water content, to different 
humidities at different temperatures. Thus far the range of total water content is 
found to be 69.8 to 83.3 per cent. No difference in total water content has been 
found for beetles at 24° or 10° C. and at 75 or 15 per cent R. H. The animals 
starving at the lower humidity lose more weight but maintain a constant proportion 
of water in the body, indicating a regulation of metabolism similar to that shown 
in the findings of Buxton and Mellanby for the meal-worm. 


AN ADAPTATION OF THE MANOMETRIC VAN SLYKE APPARATUS TO THE 
STUDY OF THE RESPIRATION OF MARINE ANIMALS. Millard W. 
Bosworth and William R. Amberson. 


By slight modifications in the usual manometric Van Slyke technique a method 
has been worked out which has proven satisfactory for the determination of both 
O2 consumption and CO, production of marine animals. The two gases can be 
determined on the same sample of water. The Van Slyke is equipped with a 100 cc. 
extraction chamber. Gas volumes may be read at 5 and icc. A 30 cc. sample of 
water to be analyzed is drawn in a standard pipette with stop-cock, and handled in 
the usual manner. The solubility and resolution factors for carbon dioxide and 
oxygen must be determined empirically. 

We have measured the gaseous exchanges of several fish and invertebrates com- 
mon at Woods Hole. The animals are placed either in bicarbonate-free sea water or 
in normal sea water. Readings are somewhat easier in the former medium, which is 
adjusted to pH 8.2 by NaOH after removal of the bicarbonate by addition of acid 
and zration. The aquaria are sealed by placing a close-fitting fiber board disc 
covered with paraffin over the water. This effectively prevents exchange of gas 
with the air. 

In bicarbonate-free sea water the pressure of CO, (read at 1 cc.) extracted from 
a 30 cc. sample at the beginning of the experiment runs between 10 and 30 mm. Hg. 
As CO: is produced this value rises to from 80 to 120 mm. Hg at the end. The O, 
gives 100 to 120 mm. Hg at the beginning, and falls to 10 to 20 mm. Hg at the end. 
A fairly sensitive determination of the respiratory gases is therefore possible. 

A preliminary study of the flounder by this method shows that the O2 consump- 
tion and COs: production are directly proportional to the oxygen tension in the sea 
water. The average R.Q. in nine experiments on five fish is .94 (.80 to 1.03). 


THE RATE OF REGENERATION OF THE BLOOD PROTEINS AFTER COM- 
PLETE EXSANGUINATION. John Stanbury and William R. Amber- 
son. 


The work of Whipple and his co-workers indicates that the blood proteins cannot 
be depleted below one gram of protein per hundred grams of plasma without the 
appearance of fatal shock and he concludes from this fact that the plasma proteins 
make up a specific and essential part of the environmental complex of the body cells. 
He finds that the plasma proteins regenerate to a 6 per cent normal from a depletion 
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level of one per cent in from five to fourteen days. Our technic is to perfuse cats 
with a suspension of erythrocytes in 6 per cent Lilly gum acacia and ringer-locke 
through the carotid artery. We have used erythrocytes from the ox, the duck, 
and cats. Cats perfused with ox cells behave in an approximately normal fashion, 
but the cells slowly hemolyze and the animal dies in three or four days because of 
lack of hemoglobin. In these animals we noted a marked overshooting above the 
normal of the plasma proteins. Cats perfused with duck cell-acacia-ringer-locke 
lived for only about two hours. Cats perfused with cat cell-acacia-ringer-locke, 
while more nearly normal in some respects than ox cell perfused cats, show a central 
nervous disorder in some cases which finds its possible explanation in the fact that 
acacia agglutinates cat cells. These agglutinations may form blocks within the 
central nervous system. By our technic we can carry the blood proteins down to 0.1 
gram of protein per hundred cc. of plasma without the appearance of shock. The 
blood pressure, temperature, respiratory rate, and heart beat show no marked altera- 
tions. From this we conclude that the chief function of the plasma proteins is the 
maintenance of the colloidal osmotic pressure of the blood and that the plasma pro- 
teins do not form a specific, but only a physical necessity to the body cells We also 
find that the plasma proteins in cats which have had their plasma proteins depleted 
to 0.1 per cent regenerate to normal in four to four and one half days. There is a 
very rapid early rise due undoubtedly to an influx of extravascular protein and a 
slower subsequent rise. 


THE PERMEABILITY OF THE FROG LIVER TO CERTAIN LIPOID INSOLUBLE 
SUBSTANCES. Charlotte Haywood and Rudolf Héber. 


The permeability of the secreting cells of the liver to several lipoid insoluble 
substances of varying molecular weight has been investigated by perfusing the iso- 
lated liver of the bullfrog with oxygenated Ringer’s or Brémser’s solutions containing 
these substances. The addition of the dye, eriocyanin, to the perfusion fluid was 
routinely employed as a criterion for the survival of the liver, since the active liver is 
known to concentrate dyes markedly. Perfusion pressures of 6-8 cm. H,O were used 
in the later experiments. Secretion for analysis was collected in a cannula tied into 
the neck of the gall bladder, close to the cystic ducts. The Shaffer-Hartmann- 
Somogyi micromethod for reducing sugar, the Somogyi method for fermentable sugar, 
and the Hirschfelder-Serles method for magnesium were used in analysis. 

Even when the perfusion fluid contained no sugar, more or less fermentable 
reducing substance appeared in the secretion. The addition of xylose, lactose, or 
inulin to the perfusion fluid resulted in the reappearance in the secreted fluid of 
similar concentrations of these substances. The passage of soluble starch into the 
secretion could not be detected by the iodine test. It therefore appears that the 
entrance of lipoid insoluble substances into the bile is limited to those substances 
having a molecular weight or aggregation somewhere between that of inulin and that 
of soluble starch. 

Experiments in which magnesium chloride was added to the perfusion fluid 
showed that the magnesium ion also passes readily into the secretion without 
concentration. 

The fact that the various substances investigated were in no way concentrated 
by the liver is in sharp contrast to the liver’s concentrating action upon dyes and sug- 
gests that different mechanisms may be concerned in the two cases. 


EFFECT OF NITROPHENOLS AND RELATED COMPOUNDS ON METABOLISM 
OF LivinG CELLs. M. E. Krahl and G. H. A. Clowes. 


A comparison between the chemical and biological properties of substances 
known to act as reversible oxidation-reduction systems and the nitrophenols and 
their derivatives shows, among others, the following significant differences: (1) 4, 6 
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dinitro-o-cresol and other analogous substances have their optimum concentration 
for stimulation at about 5 X 10~* molar as compared tothe range 5 X 10-*to5 Xx 107% 
molar for a series of redox substances. (2) At concentrations up to one hundred 
times the oxidation optimum the nitro compounds are not irreversibly toxic to the 
cell; with all redox substances studied the cells are killed by concentrations which 
give a rise in oxygen consumption. (3) From all the literature available the nitro 
and dinitrophenols are incapable of reversible oxidation reduction in the range of 
potentials characteristic of the living cell. (4) The partial reductants of p-nitro- 
phenol, such as p-nitrosophenol, do not, in low concentrations, raise oxygen con- 
sumption or block division reversibly. (5) The optimum concentration for raising 
respiration or blocking division of any given dinitro compound is not significantly 
affected by raising or lowering the temperature of the medium, indicating that the 
nitro compound is not undergoing a reaction with a velocity sensitive to temperature, 
but is more likely to be concerned in a process which is relatively insensitive to 
temperature. 

Evidence that the oxidation-promoting effect is probably not due to stochio- 
metric reduction of the nitro compound by constituents of the cell is as follows: (1) 
The effect of a given concentration of nitro compound is independent of the number 
of cells within a wide range. (2) Concentrations, similar to those found effective for 
the nitrophenols, of substances easily reduced by the cell have little or no effect on 
respiration. (3) The nitro group or groups may be left in the molecule, while other 
groups are substituted for the OH, without retaining the effect of the nitrophenols on 
oxidation and division. 


STIMULATION AND DEPRESSION OF RESPIRATION IN RELATION TO 
CELL Division. G.H. A. Clowes, M. E. Krahl and A. K. Keltch. 


The observation reported last year that certain nitro compounds, particularly 
4, 6 dinitro-o-cresol, suppressed division of fertilized eggs of Arbacia at the peak of 
respiration, and that the block to division occurred in the prophase of mitosis, has 
been confirmed. Dinitrocresol exerts a similar block to division at the peak of 
respiration in eggs of other species as follows: Echinarachnius, prophase; A sterias, all 
phases; Cumingia and Nereis, metaphase. These blocks to division are generally 
reversible over a wide range of concentration. 

Further support of the conclusion that the block to division occurring at the 
peak of respiration is not due to the increase in oxygen consumption is found in the 
following observations: (1) When the oxygen tension is gradually lowered the effect 
of dinitrocresol on respiration is gradually diminished until finally little or no effect 
is exerted, but the reversible block to division is exhibited throughout at the same 
concentration at which it occurs in a normal oxygen atmosphere. (2) While dinitro- 
carvacrol exerts an effect on respiration and cell division which is almost identical 
with that of dinitrocresol, its isomer, dinitrothymol, exerts practically no effect on 
respiration but still causes a highly effective reversible block to division at dilutions 
even greater than those at which dinitrocresol is effective. 

Paranitrophenol and metanitrophenol exert effects on respiration and cell 
division similar to those of dinitrocresol in a slightly higher concentration range. 
Orthonitrophenol exerts no effect on either respiration or cell division at these con- 
centrations but only a slight effect on respiration at high concentrations at which the 
eggs are irreversibly injured. Trinitrophenol and p-nitrodimethylaniline, which has a 
dipole moment as large as that of paranitrophenol, exert no effect on respiration or 
division in the low concentration range. 

The above facts, particularly the difference in behavior of the ortho, meta and 
paranitrophenols, lend further support to the view that the action of nitrophenols on 
respiration and cell division may be attributable to their property of forming addition 
compounds with other chemical entities and adsorbing on interfaces. 
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The fact that nitro compounds have been found to stimulate anerobic fermenta- 
tion in living yeast but not in cell-free systems seems to support the view that nitro 
compounds may function by blocking side reactions, thus diverting more substrate 
into the channels of oxidation, rather than by stimulating one of the oxidation steps. 


INDOPHENOL OXIDASE ACTIVITY IN INTACT AND FRAGMENTED ARBACIA 
Eccs. Albert E. Navez and Ethel Browne Harvey. 


The problem of determining the importance of the nucleus as a controlling agent 
in metabolism of cells has received a great deal of attention in the past, but technical 
difficulties have prevented to a great extent the drawing of conclusions resting on 
secure bases. 

The centrifuge technique developed by E. N. Harvey and E. B. Harvey enables 
one to obtain easily ‘‘ half eggs’’; nucleated (colorless half) and enucleated (pigmented 
half), each one viable and with all the potentialities of the whole egg. 

Recent work by H. Shapiro has brought to light remarkable differences in O2 
consumption for the two halves, the enucleated one having a much larger con- 
sumption (by nearly 90 per cent) than the nucleated one. These results strength- 
ened the idea that the echinochrome is probably playing an important réle in the 
oxygen transfer. 

In order to see if oxidase activity is determining this type of difference in oxygen 
consumption, experiments were made, using the nadi reaction, to estimate the indo- 
phenoloxidase activity of normal eggs (used as a standard), of stretched eggs (centri- 
fuged) and of the two halves of eggs split by centrifuging. A few determinations 
were done also on fertilized eggs. When all measurements are reduced to equal 
volumes of cells or parts of cells (taken before centrifuging) the relative values found 
are as follows: 


Whole egys unfertilized . 1.0 Whole eggs fertilized...... 1.4 
“White” halves (with nucleus) 2.4 Whole eggs stretched............. 3.2 
‘*Red” halves (with echinochrome).. 4.8 


On the bases of relative volumes these figures are of the same order of magnitude and 
sign as the ones found for oxygen consumption. Cytolysis of the eggs before addition 
to the nadi increases slightly these figures. Interpretation of these values is to be 
done in terms of surface, volume, and membrane properties. 


DIFFERENTIAL OxyYGEN UPTAKE OF REGIONS OF LIMULUS OPTIC 
NERVE AS RELATED TO DISTANCE FROM THE SENSE ORGAN. Rita 
Guttman. 


The optic nerve of the king-crab, Limulus polyphemus, was cut into five parts 
and the oxygen uptake of each part determined with the Gerard-Hartline capillary 
microrespirometer, a form of differential volumeter (Jour. Cell. Comp. Phystol., 4, 141, 
1934). In eleven preliminary experiments performed, the region most distal to the 
central nervous system was invariably lower in respiratory rate than the most proxi- 
mal region. A maximal respiratory rate usually occurred in intermediate regions 
and thus there is no oxygen consumption gradient in the accepted sense along this 
nerve. The average difference between the maximal rate and the rate at the periph- 
ery was 37 per cent. These relationships were maintained through a temperature 
range of 16° to 31° C. 

The results do not agree with those obtained by Tashiro (Jour. Biol. Chem., 18, 
329, 1914) in his study of CO, production by Limulus optic nerve (assuming R.Q. 
= .8), both as regards relative and absolute rates. This may be accounted for by 
the fact that Tashiro measured the nerve’s activity shortly after dissection when the 
rate is of variable magnitude and supernormal owing to stimulation by dissection 
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and cutting. The respiration measured here was the subsequent uniform rate, which 
was maintained in these experiments through a period of about five or six hours. 

It is interesting to compare the relative respiratory rates obtained in these 
experiments with the graduations in velocity along the fastest fibers of the green 
frog sciatic as measured by Marshall and Gerard (Amer. Jour. Physiol., 104, 586, 
1933). These authors found that the velocity increases from the proximal to the 
middle portion, and then decreases peripherally. 


Lactic Acip IN DoGFIsH NERVE. Walter S. Root. 


MECHANICAL PROPERTIES OF SMOOTH MuscLE. Emil Bozler. 


A load is suddenly applied to the tonus muscle of Pecten and the extension time 
curve recorded optically. The muscle is at first extended suddenly by the length Al. 
Then it continues lengthening slowly at a constant rate. This phenomenon is dis- 
cussed under the assumption that the contractile elements are of the nature of an 
elastic liquid. The equation di/dt = Al/Z is derived for the extension time curve 
(Z is the ‘relaxation time,” the time in which the tension decreases by 1/e at constant 
length). The shape of the observed extension time curve agrees with the calculated 
curve. Furthermore, the absolute value of Z as calculated from these curves agrees 
within the limits of the experimental error with the value found by direct measure- 
ment. It is concluded that the conception of the contractile elements being of the 
nature of an elastic liquid gives a quantitative explanation of the mechanical proper- 
ties of smooth muscle both at constant length (as shown in Zettschr. vergl. Phys., 14, 
1931) but also at constant external force. 


A METHOD FOR MEASURING THE INTERCELLULAR SPACES IN TISSUES. 
A. K. Parpart. 


SPATIAL RELATIONS IN THE EXCITATION OF THE ISOLATED MUSCLE 
FIBRE. F. J. M. Sichel and C. Ladd Prosser. 


To investigate the possibility of spatial summation and the effects of varying 
cathode area on the non-conducted twitch response of the isolated skeletal muscle 
fibre, two separate small cathodes and a single, very large, anode were used. These 
were all silver-silver-chloride electrodes. The two cathodes were arranged in parallel 
in the electrical circuit with suitable keys so that the fibre could be stimulated by 
each one separately or by both simultaneously. The stimuli were short- duration 
(80) direct-current shocks. 

The fibre was dissected from the adductor magnus of the bullfrog and mounted 
for recording isometrically in a manner described previously by one of us. 

On stimulation with both cathodes simultaneously, the fibre was found to develop 
a tension at least equal to the sum of the tensions developed by each cathode when it 
alone is in the circuit. Frequently the fibre would respond to both cathodes when 
each alone was subthreshold. 

The tension produced by simultaneous stimulation with both cathodes, relative 
to the sum of the tensions produced by each separately, tends to decrease as the 
voltage (and consequently, the response) increases. It also decreases as the distance 
between the cathodes increases, so that ultimately the ratio of the response to both 
cathodes simultaneously to the sum of each separately approaches unity. 

We offer the following qualitative explanation of these results in terms of the 
electrical field: 

1. If the p.d. across the fibre due to each cathode is plotted as a function of the 
distance along the fibre, a curve is obtained with a maximum opposite the position of 
the electrode. 
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2. The fibre will develop a tension which is a function of the area under this 
curve above the threshold value. 

3. Since p.d.’s may be added, the curve for both electrodes may be obtained by 
adding the ordinates due to each electrode alone. 

4. It will be seen that when the cathodes approach one another the area above 
the threshold and under the compound curve increases. The effects of varying the 
voltage and the results found when one or both cathodes used alone is subthreshold 
may be similarly explained. 


THE PERMEABILITY OF THE ERYTHROCYTE TO AMMONIA. M. H. 
Jacobs and A. K. Parpart. 


In a recent paper, @rskov opposes the theory that in the penetration of the 
erythrocyte by ammonium salts NH; molecules rather than NH,* ions are involved 
on the ground that osmotic swelling in solutions of ammonium salts is decreased at 
alkaline reactions where the concentration of NHs is increased. This argument, 
however, fails to take into account the facts (1) that the entrance of an ammonium 
salt requires not only the penetration of NH; but also either an exchange of OH™ ions 
for anions of the penetrating salt or the simultaneous entrance of undissociated acid 
molecules, both of these processes being hindered by alkalinity of the external medium, 
and (2) that by changes in the manner in which base is combined within the cell, 
external alkalinity tends to decrease the osmotic pressure of the latter and so to favor 
shrinkage. In the present investigation, positive evidence of the rapid penetration 
of NH; is given by comparing the volume changes that occur when NaOH, on the 
one hand, and NH,OH, on the other, are added to suspensions of erythrocytes in 
isotonic NaCl. In both cases shrinkage of the cells occurs during periods of several 
minutes, but in the latter case alone this shrinkage is preceded by an initial swelling 
which appears within a few seconds. Such a swelling would be demanded, theoreti- 
cally, if the penetration of NH; were rapid compared with the ionic exchange that 
leads to the final equilibrium, but would be difficult to account for, if, as @rskov 
believes, NH; entered the cell slowly. Swelling curves of erythrocytes in solutions of 
NH,CI alone and after the addition of NH,OH and HCI further confirm the view 
that NH; penetrates the erythrocyte with ease. 


THE Errect oF LACK OF OXYGEN ON THE PERMEABILITY OF THE 
EGG OF ARBACIA PUNCTULATA TO ETHYLENE GLYCOL. F. R. 
Hunter and E. N. Harvey. 


In previous experiments (Kekwick and Harvey, Jour. Cell. and Comp. Physiol., 5: 
43-51, 1934) it was found that water penetrated the egg of Arbacia more rapidly 
under zrobic conditions than under anzrobic conditions. The present experiments, 
however, indicate that ethylene glycol penetrates more rapidly under anzrobic 
conditions. Eggs placed in an isosmotic solution of 0.5 molar ethylene glycol and 
50 per cent sea water appear to swell more rapidly under anzrobic conditions. 
Eggs placed in a hypertonic solution of ethylene glycol in normal sea water appear to 
attain their minimum volume sooner under anzrobic conditions and also, there ap- 
pears to be a greater decrease in volume than when oxygen is present. As the eggs 
swell after having attained their minimum volume, the rate is more rapid in the 
absence of oxygen. In both sets of experiments, although the rate of penetration 
of ethylene glycol appears to be affected by anzrobic conditions the final equilibrium 
is not affected. 
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